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Short-term regulation of the cardiovascular system is by the 
cardiovascular reflexes. These may be classified as to their intra- 
cardiac and extra-cardiac receptor sites. A well described example of 
the former would be the left atrial low pressure receptors with complex 
unencapsulated nerve endings in the atrial endocardium and a vagal 
afferent nerve limb. Stimulation of these receptors results in a reflex 
tachycardia, mediated by the sympathetic nervous system and a reflex 
hypo-osmolar diuresis and naturiesis mediated both by the sympathetic 
nervous system and an as yet unidentified blood borne substance. An 
example of a high pressure vessel reflex is the carotid sinus baroreflex 
with mechanoreceptors located in the specialized vessel wall at the 
bifurcation of the common and internal carotid arteries. The afferent 
nerve limb is via the sinus and glossopharyngeal nerves; the reflex 
response to increased stimulation is a bradycardia and vasodilatation. 

The reflex regulation of the pulmonary system is by the respiratory 
reflexes, these are classified by their physiological properties and the 
location of their receptors. Of the four categories of reflexes the most 
important are those with the slowly adapting pulmonary’ stretch 
receptors. These receptors discharge with increased lung volume in a 
cyclical fashion during spontaneous respiration. It has been shown by 
various techniques that the afferent limbs of both of the cardiovascular 
and pulmonary reflexes enter the same brain stem nucleus (i.e. nucleus 
tractus solitarius) and may radiate to the same higher centers. 
Interactions between the reflexes of the cardiovascular and _ the 


respiratory systems have long been postulated; a clear experimental 
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demonstration of an interaction in their reflex regulation has not been 
demonstrated. Recently, a new mode of ventilation, High Frequency 
Oscillatory Ventilation, has become available in which the cyclical 
discharge of slowly adapting stretch receptors becomes continuous. 


Three series of experiments were performed: 


1. Qualitative assessment of the effects of altering the parameters of 
high frequency ventilation on the discharge from the slowly adapting 
pulmonary stretch receptors. 

2. Evaluation of the effects of the altered discharge from the slowly 
adapting pulmonary stretch receptors with respect to the reflex 
responses due to left atrial receptor stimualtion. 

3. Evaluation of the effects of altered discharge from the slowly 
adapting pulmonary stretch receptors with respect to the reflex 
heart rate response due to isolated carotid sinus stimulation. 

The findings were: 

1. Alterations of two of the parameters of high frequency oscillatory 
ventilation, oscillatory frequency and mean airway pressure, in the 
model studied, altered the discharge from slowly adapting pulmonary 
stretch receptors. 

2. The. altered discharge of the slowly adapting pulmonary stretch 
Parent oe during high frequency oscillatory ventilation did not 
affect the cardiovascular reflexes studied. 

3. During high frequency oscillatory ventilation the control heart rate 
was higher suggesting an increased sympathetic tone as compared to 


intermittent positive pressure ventilation. 
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INTRODUCTION 


Cardiovascular Reflexes 

The maintenance of homeostasis of the cardiovascular system may 
be divided into short (seconds to hours) and long (days or more) term 
regulation. With respect to short-term regulation, the cardiovascular 
system is dependent on the functional integrity of the cardiovascular 


(1-5). Every reflex must have an arc defined for it 


reflexes 
consisting of a receptor organ, an afferent nerve, an efferent nerve, 
and an effector organ. The classification and description of the 
cardiovascular reflexes may proceed along this outline (6), The 
afferent limbs of these reflexes may be used to group the reflexes 
into those orginating from the heart (7) and those originating from the 
vessels (8), The former may be further sub-divided into those from the 
low pressure chambers (atrial) and those from the high pressure 
chambers (ventriclar). Reflexes from the latter, the vessels, may 
also be sub-divided, into the baroreceptors and the chemoreceptors. 
In the current study the function of representative reflexes from both 
groups was evaluated under various physiological conditions during a 
new mode of artificial ventilation, high frequency oscillatory 
ventilation (HFOV). The intracardiac reflex studied was that due to 
the stimulation of the low pressure left atrial receptors while the 
extracardiac (vessel) reflex studied was that of heart rate change due 
to stimulation of the high pressure carotid sinus receptors. 

These two reflexes have both been studied extensively, the left 


atrial receptor (LAR) reflex being the subject of a recent book 9). A 
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brief review of their normal function is indicated. Cardiovascular 
pressure or volume receptors are mechanoreceptors that couple 
intravascular pressure to an _ electrical potential via _ receptor 
membrane distortion. The functioning of receptors on a cellular level 
may be explained on the basis of conventional membrane theory (10) , 
The cellular events are not contributory to the remainder of the 


discussion and with the exception of noting that drug effects, i.e. 


digoxin effects, can be explained on this basis!) no further 


description will occur. Cardiovascular receptors may dysfunction in 


(12) 


disease states and may even contribute to maintenance of 


pathophysiological cardiovascular states during their abnormal 


(13), however, as the aim of this study was to evaluate 


functioning 
normal physiological function, this will not form part of the current 
discussion. There are also numerous other cardiovascular reflex arcs 
that have been defined; the selection of the two arcs for the current 
Study was based on the extent of knowledge as to their physiological 


function and the existence of accepted reproducable techniques for 


their study. 


Heart rate response to left atrial receptor stimulation 

Sensory nerve endings may be divided into three groups: free 
nerve endings, complex unencapsulated endings (e.g. Ruffini) and 
encapsulated endings (e.g. Pacinian corpuscles). Both of the first 
two types of endings exist within the heart in the = atrial 
(14), In the most densely innervated areas of the heart, 


endocardium 


the junctions of the superior and inferior vena cava and the right 
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atrium, at the junctions of the pulmonary veins and the left atrium as 
well as in both atrial appendages, the complex unencapsulated endings 


15), 


are the most common | The stimulation of these receptors has been 


related to action potentials recorded from a strip of the cervical 
vagus nerve, thus defining the afferent limb of the reflex arc (16), 
The physiological description of these receptors and the consequent 
attempt to classify them by the discharge patterns recorded from the 
vagus is still a matter of some controversy. Initially, two types of 


(17-18), 


atrial receptors were described Type A and Type B, the former 


discharging during atrial contraction in atrial systole, the ‘a wave 


of the atrial’ pressure curve; the latter during atrial filling in 


atrial diastole, during the ‘v' wave. This classification suggests 
that the first type is indicative of atrial contractility while the 
second is indicative of atrial volume. However, other work has shown 
that the pattern of receptor discharge is dependent not on receptor 
subtype but on receptor location, such that receptors located at or 
near the pulmonary vein-atrial junctions, the area subject to greatest 
distortion with atrial contraction, were more responsive to atrial 
contraction, discharging in a Type A pattern, whereas those located in 
the lateral atrial walls or in the distal pulmonary veins would be 
more responsive to volume changes discharging in a Type B 


(19), Changing the geometry of the atria could cause 


pattern 
interconversions among receptor subtypes rendering the _ original 
classifiction less meaningful (9); the receptor discharge pattern can 
then be explained purely in terms of mechanical events. The 


sensitivity of a given receptor, as evaluated by its frequency of 


| ~*~ 
£ } 7 5 a 
= a a a 7 

; : 4 7 — 


ai 


7 
eb mrss s7a/ of be ate van 


sonthan Sate lueqaqnam xe | PADRES a8 
7 oo _ : a _ romslyer™ +t? , = 7 
road att evetqene: mean We! watt a, 7 Se al 
- Mi Ts to 7 


“ae ats To Ye & mat habeooes eT, bane 1 peered 
ai poe 
9 getter ett Vers ott seoratas ort antahieh ¢ 
no? a one PGsReN gesitt in otaataae 4 TestgoTotey a : 
OOS - ray tad epritoe Ms of? sed om eeteats! on 2h 


abn] q2ove4 ng" arin %e Berens © Fitte ate 
40h) 


7 


- 
bad radial swan Grorqssey. hh 


G 


fatvta at norrne taney Serve pity git 


wh wtp edd »ceund>- euezetd - fatads 
T Vee \ Th Di al wb -O109RS dD if 

hate Fo eveseshie® of sqye- tar aad. 

. fe) ee 

- swore . avn! arr rat * rt 70 aviggotha: 2 W 


a © 


7 

noredser sodgsnds Fo saertag oft Jam 

, & » _ 

tans. flowe Mottsoa! ver qeoe" Pi sue sys Oa 4 
vg ot .eeehiony) |= loteert a i ont. ti 
a1e0 AT FIP ITAOD tetera Ki tw, noite re. 


+ opoxone netted. A. soy0.a at une Motte 

niug feteth ad cyt xo Pew CaP or 

7 4 ; pebctatiehh wanrets smifey, oF ‘nanan 98 al 
siete. amt ahhinie ait enrgiene hate ore 

creo off 4 me" sau aug nota — | 
rath “woah “att | get 
ay rreave fwolnartéew Yo gerag . oF eho ic 


aot 
sneuos’? ef) gt hetan hee, Bh @O9RR 


discharge for a given stimulus, may also vary, i.e. it will decrease 
with prolonged stimulation, it will increase with some drugs such as 
digoxin(29) | 

The afferent nerve limb for the atrial receptor heart rate reflex 
is via myelinated nerve fibres which characteristically have a 
conduction velocity of 2-35 meters/sec as measured in the cervical 
vagi. Most other receptors found in the myocardium conduct via non- 
myelinated fibers at 1-2 meters/sec. Stimulation of such non- 
myelinated cardiac fibers could be responsible for the bradycardia and 
hypotension that some investigators have observed during atrial 
receptor stimulation. Not all cardiac afferent nerve traffic is via 
the vagus, some afferents have also been described in both myelinated 
and non-myelinated sympathetic nerves. The central connections of the 
left atrial receptor reflex will be described in a later section. 

Much experimental work using different stimulation techniques has 
gone into delineating the afferent limb of the reflex response to the 
stimulation of atrial receptors. In the early 1960's a technique was 
developed that permitted reproducible studies of left atrial 
receptors. Small balloons on fine catheters were inserted into the 
pulmonary veins of the left lung, so that the tips of the balloons lay 


21) | as well, another balloon 
(Zeng 


in the pulmonary vein-atrial junctions! 
could be inserted into the left atrial appendage The balloons 
were then distended with a small volume of warm saline, in all cases a 
tachycardia resulted without any significant concurrent change in 


systemic blood pressures (i.e. without activating the aortic arch or 


carotid sinus baroreceptor mechanism). The average mean increase in 
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heart rate with three sites stimulated (i.e. three balloons) was 
approximately 25 beats/min. The afferent nerve limb of the the reflex 
was shown to be via myelinated vagal nerve fibers; cooling these 
nerves in a fashion so as to block nerve traffic in myelinated fibers 
reversibly abolished the reflex tachycardia to left atrial receptor 
stimulation(!6), 

The efferent limb of the reflex tachycardia is solely via the 
Sympathetic nerves to the heart. This limb may be blocked either 
pharmacologically with a combination of a competative’ beta 
adrenoreceptor blocking agent (e.g. propranolol) to block  post- 
synaptic receptors and an agent to decrease nerve’ terminal 
noradrenaline release ( a pre-synaptic effect) such as bretylium; or 
surgically by a bilateral section of the ansa subclaviae. 

Other investigators using techniques similar but not identical to 
those described above (i.e. using larger balloons) have reported 
decreases in heart rate with balloon stimulation of atrial 
receptors (23), This may be due to concurrent stimulation of other 
receptors and the vaso-depressor non-myelinated fibers. Some 
controversy also exists as to a possible vagal component in the 
efferent limbs of this reflex; however, this does not appear likely. 
Although the majority of the investigators have centered on left 
atrial receptors, it has been shown by some, but not by all 


(24) 


investigators that stimulation of right atrial sites also results 


in a reflex tachycardia(2°), 
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The efferent limb of the reflex consists only of a chronotropic 
response! 26) suggesting that the right ansa subclavia is more 
important than the left in the efferent limb; no ventricular inotropic 


(27), The magnitude of the reflex 


response has been documented 
tachycardia to left atrial receptor stimulation can be graded by 
varying the number of sites in the left atrium that are stimulated 
(i.e. with a single pulmonary vein-atrial junction: 10.8 beats/min, 
with two pulmonary vein-atrial junctions: 22.2 beats/min, with three 
sites (two pulmonary vein-atrial junctions plus the left atrial 
appendage): 35.2 beats/min) (28), Attempts to grade the amount of 
Stimulation at a single site by varying the distending pressure have 
not been successful, probably for technical reasons. 

The reflex response to left atrial stimulation has been found to 
be depressed by systemic acidemia'29) | a situation that arises in a- 
chloralose anesthetized animals'30) unless specific measures are taken 
to prevent this with careful blood gas monitoring and bicarbonate 
administration. The site of this depression of response is felt to be 
on the efferent limb of the response since the effects of both right 
ansa subclaviae stimulation and sympathomimetic amines are reduced in 
acidemic animals. As well, a deep level of surgical anesthesia! 32) 
with a chloralose or hypothermia can depress the response. 

No effect on either respiration(32) nor peripheral resistance 
(33-34) | has been documented during stimulation of left atrial 
receptors (some investigators have shown a peripheral 


vasodilatation(35) with similar but not identical techniques; again, 


this may be due to non-myelinated fiber receptor activation). 
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Thus, although some controversy still exists regarding some 
details of the reflex response of the left atrial receptors with 
respect to the cardiac effects, the majority of experimental work done 
is in agreement with the above described pathways. Hence the 
functional integrity of the reflex under different operating 


conditions may be studied and compared to the expected response. 


Renal response to left atrial receptor stimulation 

A renal efferent limb to the stimulation of left atrial receptors 
was first described in the mid 1950's'36) as an increase in urine flow 
in response to the distension of a large balloon in the left atrium so 
as to block the mitral orifice and raise the pressure in the left 


(37) | The renal response has since been well defined as a hypo- 


osmolar diuresis and naturiesis (38), A similar renal response may be 


atrium 


obtained with the selective method outlined earlier for left atrial 
receptor stimulation, however, the largest responses are those with 
mitral valve obstruction. The difference in response may be 
attributed to the fact that the larger balloon, by raising left atrial 
pressure, is stimulating more receptors than the smaller balloons. 
With obstruction of the mitral valve not only does the left atrial 
pressure rise (generally by 10-20 mm Hg) but a fall in systemic blood 
pressure and cardiac output, as well as an accumulation of blood in 
the pulmonary circulation, occurs. Receptors other than those in the 
left atrium may be stimulated, however, the expected response for at 
least some of these (aortic arch and carotid sinus baroreceptors) 


would be the opposite of that seen and not a diuresis. 
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The receptor organs for this renal reflex are the same left 
atrial receptors (39) as for the reflex heart rate response. The 
afferent limb has been shown to be via myelinated vagal fibers by the 
same reversible cooling techniques as for the reflex tachycardia. 
With respect to the efferent pathway, however, the two reflexes 
diverge. During left atrial receptor stimualtion there is a decreased 
Sympathetic discharge to the kidneys (40.41) | which is selective for 
the kidneys with no change in lumbar and splenic sympathetic nerve 
activity (42), This change in renal sympathetic tone may cause 
increases of renal blood flow and, via intra-renal pathways, affect 
changes in urine composition. Unlike the reflex heart rate response, 
however, the renal response cannot be explained solely on the basis of 
a change in sympathetic innervation. A number of lines of evidence 
have suggested that another factor is involved. Firstly, it was noted 
that the time course (longer activation time and longer time to return 
to control levels post stimulation) of the diuresis suggested changes 
in hormonal secretion; based on the composition of the urine 
alterations in antidiuretic hormone secretion were suspected. 
Secondly, following blockade of the sympathetic nerves with a beta 


(43) or, in an 


blocking agent and bretylium, in a denervated kidney 
isolated perfused kidney '44) a diuresis persisted indicating an 
alternate activation pathway by a blood borne agent or hormone. 
Volume loading of animals with a denervated heart also produced the 
renal response( 45). As noted above, the hormone most frequently 


implicated in these studies is antidiuretic hormone'46) the secretion 


of which was felt by most investigators to be inhibited by left atrial 
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receptor activation(47). The differential response of hypothalamic 
neurones to osmotic stimuli and left atrial receptor stretch has also 
been demonstrated(48) . The possible influence of the left atrial 
receptors on antidiuretic hormone would not be the only such 
cardiovascular effect; carotid sinus stimulation can _ influence 


antidiuretic hormone secretion 49), 


Not all studies are in agreement 
with this hypothesis, levels of antidiuretic hormone in the plasma in 
anesthetized dogs have been found to be higher than in the conscious 
animal and no reproducible significant consistent reduction (within 
the experimental limits of the assay) has been found. In addition, 
ablation of the posterior pituitary gland surgically via the sphenoid 
with a resultant absence of antidiuretic activity in the plasma did 
not result in an absence either of a diuresis in these animals(00-51) 
or of a reflex heart rate response! 92), 

That a hormone, or a blood borne diuretic substance(°3), is 
involved in the reflex is also suggested by studies where altered 
secretion from insect malpighian tubules (54) was induced by plasma 
from dogs taken during left atrial receptor stimulation. Recent work 
Showing granules with a diuretic substance in the left atrium!49-50) 
may provide the answer to the search of a blood borne diuretic 
substance, perhaps one that may be released from denervated hearts (45) 

Thus in summary, the stimulation of left atrial receptors is 
known to reduce the sympathetic nervous stimulation of the kidney and 
cause the release of a blood borne diuretic substance, possibly 


antiduretic hormone, atrial granules or some other agent and induce a 


reflex hyposmolar diuresis and naturiesis. An experimental model in 
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dogs using a large balloon to obstruct the mitral valve has been 


developed. 


Heart rate response to carotid sinus stimulation 

The extracardiac receptors may be broken down into baroreceptors 
and chemoreceptors. The carotid sinus baroreflex is one of these high 
pressure extracardiac vessel reflexes active in the short-term 
modulation of the cardiovascular system(8,57-58) | The carotid sinus 


is a segmental enlargement of the internal carotid artery at its site 


of origin at the bifurcation of the common cartoid. Mechanoreceptors 


(59) are located in the adventitia of the carotid artery at this site, 


and increases in their stretch by distension of the artery by 
intravascular pressure (facilitated by a relative thining of the 
vessel smooth muscle content at this site) results in an increased 
afferent nerve activity. However, baroreceptor sites in the carotids 
are not limited solely to the bifurcation and may be found in other 
carotid segments (60) | 

The sensory innervation of the carotid sinus is carried in the 
myelinated sinus nerve branch of the glossopharyngeal nerve. The 
afferent discharge of these mechanoreceptors is significantly affected 
by alterations in the compliance or distensibility of the carotid 
sinus wall, i.e. from catecholamine stimulation, acidocis, hypoxemia 
or other factors that modify vascular smooth muscle tone. There is 
also an autonomic regulation of sinus distensibility via sympathetic 
efferent pathways that may reduce the diameter and elastic modulus of 


the carotid sinus (60) | 
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The carotid sinus (61) during intraluminal non-pulsatile pressure, 
is stimulated at a threshold of 60 mm Hg and achieves a maximal 
response at 175-200 mm Hg as judged by reflex changes in heart rate 
and blood pressure as well as electroneurographic recordings from the 
Sinus nerve. With pulsatile flows the reflex response of the carotid 
Sinus is greater, at normal operating pressures, than with non- 
pulsatile flows. Changes in carotid sinus discharge influence cardiac 
function via three pathways. First, there is a direct effect on the 


(62) (atrial and venticular 


heart with alterations in sympathetic 
contractility, sino-atrial nodal automaticity, atrio-ventricular nodal 


conduction) and parasympathetic (63-64) (cardiac pacemaker, atrial 


contractility and atrio-ventricular nodal conduction) discharge to the 
heart. Secondly, the loading conditions of the heart are affected by 
changes in the peripheral vasomotor tone (65) , Thirdly, changes in 
arterial resistance will affect the afterload of the heart. Although, 
the afferent limb is the same, the effect of the efferent output of 
the left sympathetic nerves is predominantly on ventricular inotropy 
while that of the right sympathetic nerves is predominantly on atrial 
chronotropy. 

In the normal animal the aortic arch baroreflex system is crucial 
to cardiovascular homeostasis‘ 34), Located in the aortic arch 
adventitia and at the roots of the major great vessels, these stretch 
receptors have classically been found to have a higher threshold 
(approximately 100 mm Hg) for either pulsatile or non pulsatile 
systems and a reduced sensitivity (as measured by the activity of the 


aortic nerve) to arterial pressure as compared to the carotid sinus. 
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The maximum aortic arch baroreceptor activity is reached with a 
pulsatile arterial pressure of 215 or a non pulsatile pressure of 300 
mm Hg. More recent work suggests that due to a hysteresis in the 
response of the aortic arch receptors, they may be active at pressures 
lower than considered previously (66) | Although somewhat 
controversial, some investigators consider that, with respect to heart 
rate control at least, the aortic arch baroreceptors are no less 
important than the carotid sinus receptors. 

In investigations of the great vessel reflexes it is necessary 
to ensure a constant level of stimulation of all the receptors except 
those at the site of study, which can then be varied in a controlled 
fashion. The study of the carotid sinus reflex heart rate responses 
requires either the maintenance of a constant mean systemic blood 
pressure, and hence an unchanged stimulus to the aortic arch 
baroreceptors (although variations in pulse amplitude at different 
control sinus pressures may result in a somewhat unequal stimulus) or 
a surgical denervation of the aortic arch. Due to the wide area. 
covered by the aortic arch receptors the surgical approach is 
technically difficult and may be incomplete especially with respect to 
the bases of the right sided great vessels (67), thus the first 
alternative is often used. 

In the current work, that of evaluating the heart rate response 
to changes in pressure in a vascularly isolated carotid sinus, the 
first technique was used. Changing the carotid sinus stimulation wil] 
change the total vascular capacity and if the intravascular volume is 


unchanged the blood pressure (68) thus a pressurized external reservoir 
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that could compensate for changes in vascular capacity and maintain a 
fixed mean systemic blood pressure was required. The vascularly 
isolated carotid bifurcation could then be stimulated by altering the 
distending pressure (independent of the systemic pressure) either by 
infusing or extracting blood. A baseline efflux of blood from the 
carotid sinus is maintained by small vessel wall vessels. As the sinus 
will reset to the prevailing pressure over 15-20 min, the range of 
pressures must be rapidly covered to prevent significant 
hysteresis (69), 

Since the heart rate change due to carotid sinus pressure change 
in the above preparation will depend on many factors, i.e. the sinus 
wall compliance, the sympathetic afferent discharge to the sinus nerve 
terminals, etc., in order to evaluate the raw data the response must 
be normalized to the range of heart rates obtained and given as a 
percentage heart rate change per mm Hg of the carotid sinus pressure 
Stavees The curve of the function relating these two variables is 
Sigmoid and the steep part of the curve may be taken as the 
characteristic response of the given preparation. 

The factors that suppress the reflex response from left atrial 
receptors e.g. acidocis, anesthesia, etc., also suppress baroreceptor 
reflexes (i.e. a chloralose anesthesia can affect both the heart rate 
and blood pressure response! 79); in addition, other factors can affect 
the response, e.g. hypoxia. Chemoreceptors are located in the carotid 
body, situated at the bifurcation of the common carotid artery and 
supplied by the occipital and ascending pharyngeal arteries and the 


aortic bodies, located at the roots of the right and left subclavian 
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arteries and near the heart in the pulmonary artery and aorta 
(supplied by branches from the nearby systemic vessels). For studies 
monitoring the carotid sinus the latter are kept constant by the 
regulation of the arterial blood gases while the former must be 
Surgically denervated at the time of carotid sinus catheterization 
Since the blood perfusing the sinuses may have a ow oxygen 
saturation. It is much more feasible to study isolated carotid 
sinuses rather than isolated aortic arch sinuses, for the reasons of 
chemoreceptor denervation, the maintenance of a constant pressure to 
the other receptor, (however, the carotid sinus could be denervated 
during aortic arch studies) and from a technical surgical viewpoint. 
The reflex regulation of the cardiovascular system is a complex 
mechanism. The classification of reflexes given may suggest an 
independent function of the various reflexes; this is not sol71), It 
has been found that the reflex increase in blood flow to the kidneys 
during left atrial receptor stimulation is modulated by input from the 
carotid sinus baroreceptors(/2) (this may not hold for the heart rate 
increase limb of the left atrial receptor reflex) and during volume 
infusions , with presumed left atrial receptor stimulation, and a rise 
in arterial blood pressure, the response of the baroreceptors wil] 
diminish resulting in a tachycardia!73)_, If changes in two systems, 
the cardiovascular and the’ respiratory are studied, further 
interactions appear (63574) | To study individual components of this 
system, specific methods have been developed that attempt to isolate 
single reflexes so that reprodicible responses to given stimuli may be 


produced. If an external factor is postulated to affect the 


a770G tne ere evs wrens 


; fs P iain 
perhagye ww ,leieeowei i 


en y { 
en’ vo That pas oy *a 


si*ercihefotzeD ane sions a at a | sai 
ee 


th oe 
eae 


fv brava lee? alae oa “eye ase rete cl 
, ott 9 ,2ecknte ape We sopik o | 

sang Inateng & oopanipactar ie ereuers os 

a he bern anh sselauoa (tem. 4 


a pea 
ue feQledtead Smet tne pes bude aNe a heOe: Ot 

vt seluoeeoineg of ve aatielegi f woth av 

a >>. 

iw 6 » senelriet. te or anttiecety bat a ‘baoets 


fe 
. 


2tny akeaet! A me apiaw uae we Hie tabtbet Me iis at 
wo ot wolt Soa iat sitdneu) sata ot gery baud, 
vc note upen oh nrrehambye werquoet rat rie ere 
wi aed 2 bho yor, wah eine) (S encisqisatwand aumete bt ia 
bis (nod hay voreagen Tetris 45) ott Yo all sat 
siumtte sonyegen A ghd hash beumaearig, 48 te 
assorovad of9 BH semenen' arta Tiga 
at nt gepeminelel LEP etteraotons 5 — vem 
theta a eves hgeee ang = Wo 
2ftS fo stnonogmes’ teak eRe on 7 . 


aval 6? “$ Seamnt te darts pagofovab ‘Sap ore es 
: 
so vw flomise neerp G enrHayest Salad allen 


t‘!' Ffoxetts a? Date uate eh eve? 
“ft | i = et 


le 
7 


ts 


functional integrity of the reflex regulation of the cardiovascular 
system, this may be evaluated by studying individual reflexes using 
established methods, before, during, and after the application of the 
external factor. 
Pulmonary Reflexes 

The regulation of respiration has been an area of investigation 
for many years (75-77) and the reflex arcs involved in this regulation 
have been studied for over 80 years. The reflexes are classified by 
their physiological properties or by the locations of their 
receptors. Four types of receptors, and reflexes, are defined: 
Slowly adapting stretch receptors (SAR or Hering-Breuer receptors), 
rapidly adapting stretch receptors (lung irritant receptors), 
juxtacapillary (Type J) receptors and bronchial receptors innervated 
by oC fibers (75) (the latter two groups are often grouped together as 
non-myelinated fiber receptors). The afferent limbs of the first two 
are by vagal myelinated fibers, the last two are by non-myelinated 


vagal fibers. The predominant cardiovascular effect of the non- 
myelinated fibers is depressor (See Introduction section. on 
Cardiopulmonary Interactions). In addition to these airway receptors, 
receptors from structures outside the respiratory tract, i.e. the 
mediastinum, thoracic great vessels and the esophagus, show a 
respiratory discharge pattern(/8) | the role of which in the regulation 


of respiration is not entirely clear!79) 
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The slowly adapting stretch receptors are the most important 
group from a respiratory regulation standpoint. Thus, of the various 
receptors these are the most likely to have a _ physiological 
interaction with the cardiovascular system. They are involved in the 
regulation of inspiratory and expiratory activity (i.e. in the Hering 
Breuer inflation reflex, they produce apnea if the inflation stimulus 
is prolonged or limit the tidal volume if the ensuing deflation is 
restricted(80-81) and in the control of the main_ respiratory 
muscles. During spontaneous breathing with lung inflation the slowly 
adapting receptors show a long lasting discharge with an immediate 
rapid decline that slows spontaneously into a sustained discharge 
until deflation occurs; the main stimulus for these receptors being 


the trans-pulmonary pressure(//), 


Slowly adapting pulmonary stretch receptors 

Slowly adapting stretch receptors are unencapsulated (free 
ending) mechanoreceptors located in the bronchial smooth muscle, often 
at branching points; visualization by both light and _ electron 
microscopy has been achieved. The majority (approximately 554,82) ) 


are in the extrapulmonary airways with a significant proportion in the 


extrathoracic trachea(83) , The small airways are innervated only by 
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non-myelinated fibers, hence slowly adapting stretch receptors, which 
have myelinated fibers, are not found there. The stretch receptors 
are stimulated by both static and dynamic transmural pressure, thus 
the discharge from these receptors is dependent not only on the degree 
of inflation (static component) but also on the rate of inflation 
(dynamic component). The dynamic component is related to the viscous 
properties of the trachealis muscle where the receptors are located; 
the magnitude of both responses is dependent on bronchomotor tone (84) 
increasing with  bronchoconstriction, decreasing with  broncho- 


dilation!85), 


Slowly adapting stretch receptors can also be divided into those 
that are active at the end expiratory volume and those that are 
recruited only during inspiration(86) , The former are referred to as 
tonic or low threshold receptors whereas the latter are called phasic 
or high threshold receptors. The majority of the low threshold 
receptors are located in the larger extrapulmonary airways (86) | In 
addition to threshold characteristics, stretch receptors have been 
classified as to their maximum discharge characteristics. Two types 
of responses for lung inflation have been described, in one the 


discharge reaches a plateau at about 10 cm water whereas in the other 


there is no plateau. The former predominate in the proximal airways, 
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the latter in the distal airways (86) , A decreased transmural pressure 


(below zero) may activate extrapulmonary airway stretch receptors as 
we11 (78) , 


Slowly adapting stretch receptors, although mechanoreceptors in 


function, are variably affected by the C05 level in the airways (97> 
89) | Bronchial receptors are inhibited by increased pulmonary C05 
(90) | they are unaffected by venous or arterial C05. The degree of 


inhibition may be quite significant (up to 40% of the control 
discharge is inhibited by increasing the airway CO» from 0 to gz(90) | 
the effect of C0. is less at higher transmural pressures. The slowly 
adapting receptors are not oxygen sensitive and the functional 
significance of their inhibition by C0. is not yet clear, although it 


would serve to decrease the respiratory inhibitory influence of these 


receptors during ventilatory insufficiency. 


In the study of slowly adapting receptor function, recordings may 
be taken from cervical vagus myelinated fibers (as shown by 
conduction velocites(91)) that show a discharge pattern that follows 
transmural airway pressure and its rate of change. Although the 
number of such fibers and receptors is not known, in the cat there are 
at least 1,200'92) and there is no evidence to suggest a smaller number 


in the dog. As mentioned previously, there are other types of vagal 
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and even sympathetic afferents(93) from the lung. Care must be taken 
in the pressures used during lung inflation so that only the slowly 
adapting stretch receptors are stimulated if they are the object of 
the experiment since stimulation of the other receptors would not be 
expected to produce the same responses. This same difficulty arises 
during the interpretation of studies of heart lung interactions where 
different techniques and pressures (quite often outside the 
physiological range) render it quite difficult to be sure that only 
the slowly adapting stretch receptors were activated and _ thus 
complicating the analysis. 


Central Connections 

Any evaluation of the reflex mechanisms involved in_ the 
homeostasis of the cardiovascular system would have to include the 
central connections and _ interconnections of these autonomic 
reflexes(94) , The afferent limbs of the reflex regulation of the 
cardiovascular and pulmonary systems, as has been outlined earlier, is 
via the vagus and glossopharyngeal nerves(95-96), The majority of the 
fibers from these cardiopulmonary (97) and arterial 
mechanoreceptors | 96) terminate in the nucleus of the solitary tract. 
From this site the information is relayed to other vasomotor 
centers (98) , those within the reticular formation, and to the 
efferent nerve nuclei. As well, higher centers may be affected by 


input from the solitary tract, i.e., fibers pass to the hypothalamus 
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where they may regulate antidiuretic hormone release (48) | Routine 
regulation of the cardiovascular system is also modulated by the input 
from higher centers, i.e. the labyrinth of the inner ear via the 
fastigial nucleus must be connected to the vasomotor center so as to 
avert orthostatic hypotension. It is clear, therefore, that within 
the cardiovascular set of reflexes alone, numerous complex brain stem 
connections exist and the occurance of interactions between 
cardiovascular reflexes which result in a coordinated response to a 
stimulus is not surprising! /2), 

The discharge from the slowly adapting stretch receptors that 
corresponds to lung volume and its rate of change is also transmitted 
to the nucleus of the solitary tract, then to the respiratory 
center. That an interaction between the cardiovascular and 
respiratory systems may exist in the brain stem has been postulated by 


numerous investigators(99-100,4) | 


Cardiopulmonary interaction 


It has long been noted that with inspiration there is an increase 
in heart rate; this is termed sinus arrhythmia. A number of 
explanations have been given to explain this phenomenon! 101). fel) ea 
reflex stimulation of the medullary vagal efferent nucleus. by 
increasing discharge from the slowly adapting stretch receptors (2) a 
direct inhibition of the vagal (cardiac efferent) nucleus by the 
increased discharge from the medullary respiratory center during 


inspiration (3) an increased discharge of the right atrial receptors 
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due to the increased filling of the right atrium during inspiration 
with a consequent sinus’ tachycardia. Which, if any, of these 
hypothesis is correct is as yet unclear, however, some experimental 
evidence to suggest that an interaction exists, at a central site, 
between the cardiovascular and respiratory system, is available. The 
work can be divided into four main groups: (1) neuroanatomical studies 
of cardiovascular and respiratory neurones including ablation and 
subsequent nerve degeneration and tracer migration (horseradish 
peroxidase or radiolabeled substances) studies to anatomically define 
cardiovascular and respiratory afferent tracts. (2) orthodromic 
(stimulation of peripheral nerve with central recording) and 
antidromic (stimulation of central site with peripheral nerve 
recording) electrophysiological stimulation studies of individual 
cardiovascular and respiratory neural tracts to define functional 
neural connections (3) brain stem recordings during experimental 
"physiological" (non electrical) stimulation of receptor organs to 
define neural connections and radiations and (4) physiological studies 
that demonstrate a functional interaction between the two systems. 
Each of these modes of investigation have their detractions, e.g., 
ablation studies provide only a crude localization of the structures 


destroyed and more may be damaged than intended with tracts other than 
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those of interest being destroyed; electrophysiological studies may 
Stimulate wide areas and not only the neurones of interest, as well 
neuronal tracts just passing through the area without synapsing may be 
stimulated; technical difficulties in accurately defining the site of 
recording complicate brain stem recordings; and difficulties in 
isolating single reflex arcs and their interactions plague 
physiological studies. 

Neuroanatomical studies consist of either tracing degenerating 
axons and nerve terminals after cutting the ninth and tenth cranial 
nerves or of destroying medullary structures and observing the effects 
on physiological regulation. Studies of the first type long ago 
demonstrated vagal projections to the nucleus of the solitary tract. 
Destruction of this nucleus has been shown to disrupt the reflex 
response to peripheral baroreceptor stimulation in the same fashion as 
would destruction of the peripheral receptor!102) , Absence of the 
reflex heart rate response to left atrial receptor stimulation 
following ablation of the same _ nucleus bilaterally has been 
shown (103) | Using anterograde transport of horseradish peroxidose, 
the projections of baroreceptor neurones have been found to have a 
primary synapse in the same nucleus 104) | Pulmonary afferents have 


also been studied using horseradish peroxidase, a connection to the 


z - , 
(fom 26 ,Feererni 
b ~- 
* TZ | 
' y Fal 
+f 
Fs 
1] 
- Py 
‘ z 
< 
« 1 j ‘ >? 
@ xy 7 4 
e Pa 
= 4 é = i 4 


is at “obosenne> «€ 208 | koneS rena 


i 


oa 
emo igs »APOP act un onee SAF A 7 


acacia she 877240 She 2lanians] Gv Ve | 


f Ore ee tit 4 }0DS® conte saat _™ " 


7 
: anes 
fe oo. TO toa ofie luge felhoorae eat 


J 4 + me 
we 1 wiopn aif of sholjueletia Magee ca zane 
| on) 

: fete oaed vet cela ef Ge (neal 
a | ake 


ifuate weseunsorsd Teeplybray im 


be fia speTaier dee ai To no frstite 


erron Th. Peogene af oe y 


soed sven sonore vetgnae ved A¢* 


¥ — ig 


23 


nucleus of the solitary tract was found!95) , However, with this 
technique, in the case of the baroreceptors, the projections of 
chemoreceptors cannot be separated out, and in the case of pulmonary 


afferents there can be no delineation as to receptor type. 


Orthodromic stimulation, stimulating an entire peripheral nerve 
and recording centrally, has been used to. study baroreceptor 
afferents; both for the aortic arch'105) and carotid sinus!106), 
However, it may again be difficult to separate the chemoreceptor from 
baroreceptor fibers with this method. Single unit studies have also 
been done and they reinforece the finding of a central connection to 


the nucleus of the solitary tract from the baroreceptors. 


During antidromic stimulation (central stimulation, peripheral 
recordings from the nerve of interest) projections to the nucleus 
tractus solitarius from the arotic arch(104) and the carotid 
sinus (107) baroreceptors have been confirmed. The exact site of 
insertion of nerve tracts into this area and interconnctions and 
projections to higher sites in the central nervous system are 
difficult to ascertain with this mode of study due to the large field 
stimulated. Since it is known that in decerebrate animals the left 
atrial receptor reflex is present | 108) it may be postulated that any 


interaction between the cardiac and respiratory system should be 
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manifest at the brain stem level. The functional integrity of the 
baroreceptors requires a more extensive area of the brain stem and 
hypothalamus (109) | perhaps providing a larger area for  cardio- 


respiratory interactions. 


Recordings from single neurones in the nucleus tractus solitarius 
has resulted in records of rhythmic discharges that are similar to 


110) as well as those that are similar 


typical baroreceptor discharges | 
to Type A and Type B atrial receptor discharges (111-113), Another 
approach, that of experimental mechanical stimulation peripherally 
while recording centrally, has shown that balloon stimulation of left 
atrial receptors leads to changes in central neuronal activity (114) 
that can be blocked by vagal cooling!9/). Some further studies with 
careful neuroelectrophysiological methods indicated that nearly all 
neurones discharging with a cardiac rhythm show alterations in their 
activity related to the respiratory cycle(110) | It is possible that 
the respiratory modulation is indirect and via a changing peripheral 


(62) (since the 


cardiovascular input secondary to respiration 
cardiovascular parameters were not controlled in most of _ the 
experiments ) or sé tdue aa torfedirecterycentral respiratory center 


influences (63) On these neurones. However, as in animals ventilated 


artifically the respiratory modulation followed the ventilator 
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excursions and was blocked in most cases by interrupting afferent 
vagal nerve traffic(110) | it appears that the input ffor this 
modulation to a significant extent originated in the pulmonary 
receptors, the most likely group being the slowly adapting stretch 
receptors of the lung! 111) which have a typical response to lung 
distension. In the neurones in which there was both a cardiac and 
respiratory rhythm(110) , it is supposed that either these were not 
first level neurones from the cardiovascular or respiratory receptors 
(which should have independent patterns so as to permit independent 
response to cardiovascular and respiratory reflexes) or these were 
first order neurones from receptors that were affected by the 


stimulation of both of these systems. 


That physiological interactions between the cardiovascular and 
pulmonary systems could occur is strongly suggested by the evidence 
given above that document a convergence of pathways from the receptors 
in the two organ systems and suggest an effect of input from both 
systems at a single central neuronal level. However, if as mentioned 
earlier, a reflex is described by a receptor organ, an afferent nerve 
limb, a central site, an efferent nerve limb and an effector organ, 
then an interaction between two different reflexes should show that 


altered afferent input from two receptor organs results in a change in 
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the single efferent limb. Such a finding for a cardiovascular 
respiratory interaction has not yet been shown. Observations on the 
function of the two systems in addition to the previously described 
sinus arrhythmia can be evaluated either as studies during 
experimentally stressed physiological parameters outside the normal 
range or those in which the observations are obtained while the 


physiological parameters are in the range of normal function. 


Discharges from the Jungs (afferent neuronal pathway not 
delineated) can tonically inhibit the vasomotor center (115-117) and 
experimental Jung inflation with high airway pressures, outside the 
normal range, can cause a reflex decrease in blood pressure as a 
result of dilatation of the systemic vessels, bradycardia and a 
negative inotropic effect on the ventricles (118-119) | In animals 
studied during intermittent positive pressure ventilation interruption 
of "cardiopulmonary" vagal afferents augmented the reflex vascular 
resposnes to changes in carotid pressure suggesting a_ central 
inhibition by the "cardiopulmonary receptors" (120) and hence an 
interaction of afferents from these cardiovascular and respiratory 
sites. In the above reports a variety of receptors was most likely 
Stimulated. High inflation pressures of the lung were employed; these 


would result in stimulation of receptors other than the slowly 


natuorivelt? 62. & 


end ne recteovs 


air) 
vYeutwareb vl ewolhwe 1g one tao at ‘ of vse 


witreuh, seteute e6 vot - betweton ab tise 
f ei any enpRiud ; _eretenne “fratyotore od acti 
Ww cay 7 eh ected ae Da aia so rnega s is is nt ‘seit, 1. hl 


7 7 : = Nee a 
atgonw® Tauren Fo: ageien. Qe 1 a eveoamenne "thot 


Ne 


, vowaien leounven saave te) app eA) mont *epts 
. foge | 


i i] - ba: ; a . 
sft (-Cllileseoa, sqdomasgey aff fhetint effastdio? ss 
y id) PSC neces ii ve cu K ‘ah Fi NOT IS sr Ee! 
owptvear: pootd af apmenze) AGite* § CtUh, Rae hs 


4% ; r iy) é ie) \y 12 era | ~ Te Ti otieen THD, * d . 

| ~ ' q 7 os é 
tsivioy «ald ong 9474e viquedont  eettn 
; Lon | , 


y ghvetene owt?) 7oq In afd twat?! vast y! tty 


i 


; Sete began a arie? T° “wey "een 


‘jeapges mute «BifoTE> nt arenas 


ab a. ne! 
: bo t+ Seaasgeoey | nou fagotbaina® ides out ‘ 
— : 


_ : 


= 


‘ ALY rsirTDvese wake lg senvehhves. gepitt wet? ehut 


— s 


cre © 


€ Ss inf inhi PGW TG SOMN Bit] ll 7 
- 
weed jboyolam eréw graf ore: we ¥ bes 


ate ee 


qiwofe en? new 


27 


adapting receptors, as well, the term "cardiopulmonary" receptors 
covers a wide, poorly defined spectrum of thoracic receptors. At 
normal airway pressures the reflex response to inspiration is a 
tachycardia and possibly a slight vasoconstriction with the reverse 
seen at higher airway pressures(121) | The importance of the above is, 
however, that an interaction has been demonstrated to exist between 
the cardiovascular and respiratory systems albeit under somewhat 


unphysiological conditions. 


At physiological airway pressures a_ cyclical respiratory 
influence on cardiovascular regulation is felt to be via slowly 


adapting pulmonary stretch receptors(122) with myelinated vagal nerve 


afferents. The contribution of the sowly adapting pulmonary stretch 
receptors to the tonic cardiovascular depression by lung afferents is 
not well elucidated, but the majority of the afferent limb appears to 
be via non-myelinated fibers(123) | The contributions of the slowly 
adapting receptors to this depression is unclear. Brief stimuli to 
the carotid sinus baroreceptors evoke a bradycardia only if timed 
during expiration, an equivalent stimulus in inspiration being 
ineffective. This has led to the hypothesis of respiratory gating of 
the baroreceptor reflex such that the cardiovascular reflex arcs are 


more receptive to stimuli during the expiratory portion of the 
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respiratory cycle. The site of this gating and the origin of the 
respiratory input (central, peripheral or both) are not well 
defined. It has also been shown that total body sympathetic discharge 
is altered by central respiratory center activity, being augmented 
with inspiration (124) | and that pulmonary afferent activity exerts an 
important influence on the central regulation of this sympathetic 
discharge! 125) , Although in the two studies above the effect of 
inspiration on sympathetic discharge was opposite (i.e. in the second 
it decreased sympathetic activity) this may be due to phase effects or 
related to the markedly different techniques used. In sum, however, 
sympathetic discharge tone appears to be affected by respiratory 
activity. As the baroreceptors reflex is influenced by the underlying 
sympathetic tone (61) | this may be the explanation for the "gating" 
effect. A respiratory effect on the parasympathetic cardiac vagal 
efferent activity during baroreceptor reflexes has been demonstrated 
as wet] (126), An effect of the cardiovascular reflexes on respiratory 
neurones has also been noted in that carotid sinus stimulation results 


in an increased discharge from medullary respiratory neurones! 127) of 


uncertain significance. 


The above discussion outlines that: (1) afferent neurons from the 


cardiovascular system, both from the systemic baroreceptors and from 
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the left atrial receptors, and from the pulmonary system from the 
pulmonary stretch receptors, synapse in the nucleus of the solitary 
tract (2) medullary neurones exist with both a cardiovascular and a 
respiratory pattern of discharge (suggesting, but not proving, that 
connections at this level may exist between the two systems) which may 
indicate a convergence between the two systems (3) afferent pulmonary 
nerve traffic modulates sympathetic discharge which in turn may affect 
cardiovascular reflex function (4) an effect of afferent pulmonary 
nerve traffic due to lung distension on cardiovascular responses, 
albeit at unphysiological pulmonary pressures, indicates that a 
functional interaction may exist between the two systems (5) tat 
physiological airway pressure sinus arrhythmia, by a pathway not yet 


defined, links the two systems. 


Until further evidence is available about a central interaction, 
speculation as to even higher projections and interconnections, is 


tentative and hence was not reviewed. 


A major difficulty in evaluating the influence of lung receptors 
on cardiovascular reflexes has been the delineation of the changes due 
to respiration on the cardiovascular receptors themselves’ from 
interactions occurring in higher centers. It may be concluded that 


although well described reflexes with separate receptors and afferent 
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and efferent neurones exist in both the cardiovascular and respiratory 
systems and there is a geographic proximity to their central tracts, 
the evidence for an interaction between the two systems has not yet 
been conclusively established, although it appears quite likely that 
the respiratory system can affect the function of the cardiovascular 
system. 


High Frequency Ventilation 

The area of the effect of respiration on the function of the 
cardiovascular system has been an area of much investigation, as 
outlined previously without a clear consensus being reached. Some of 
the work done during intermittent positive pressure ventilation has 
suggested that reduced right ventricular filling!128) caused the 
cardiovascular changes while other studies suggested a more complex 
interaction(129) , Since in a normal physiological setting it may be 
considered that the pulmonary limb of the interrelationship between 
the cardiovascular and pulmonary systems would be the discharge from 
the slowly adapting stretch receptors, it would be useful to have a 
method of altering this discharge to determine its effect. As has 
been mentioned previously, the slowly adapting receptors may be 
considered to be lung volume and lung volume change receptors. Hence, 
during either spontaneous respiration or _ intermittent positive 
pressure ventilation there is an increase in receptor discharge during 
inspiration and a decrease during expiration. A technique for 


altering this discharge, both qualitatively and quantitatively, may be 


Oe. 


toy, Jon eat Rmoteye on ot 


; ro 


rote yoakt sttup von it voit 


Paes 


otbie ant. Fo saxon 9905 16: ne sete ‘egnae aa 


4h . : ‘i — oe _ 
: ae zt 

7 } ae 
‘ota fhaqov orey 


i woltiawt off no. nohterigea’s. To, tata art: tp sone aT. 


= ve 7 
we an 
notganttoavnt Moon to see: -nG faed gar melzave vetuaRe liu! 
¢ e - 


re: e 7 
hotoget pated 2uensenos wesih> s Jueritiw efevorvang, & 


wed 
a 


in) enti shops at 


7 } ie? hear “ta » a & 
“i ? , « , ~ + 44 4 € > 
hei HATIe.(eney SesysgewyG Bsrisi<evt } acvymy 


ing Slog ei se fuotetnay teers peouber fant: 


baal i 
I : : a 
| ‘ a bop 
com ep beteepeue 2 thute vetitc ofitw 2ennstio ely sev ree 
wae BO | ‘ r2vng | Beton ‘ ny eonte ASD patton 


mote nt ign mr. one +9 ant y yr oncom: it} at acl ‘aoe be 


ey Agiceth et ot that amedeye vr arom [ud ‘bas oetuseevot » ie 
wot ot Tuvewe od Dipew 2h , Sro2qer0 dataite gntiasbs | ve 


ioptis att @alemateh. oF eptértocth eine cobras 38 c 


~ 


oo yar zrerqnget ert tqais Kiwofa: sid favo Pern! enon 


ay AT) bed 


gone = .exegqsuer spars. ema tow, gel has smutov aut ee abe 
avis taoq erste nepah a eer _auosnetoge “ent * 


ier Oe az - eeu fe 


i 
peti are isoth 1od@eoRT at eestiont ne a ered wiecaiey sane ou 
vo? suphnset A” spovisrtgl ph one ‘the wid a 

_ i 774 ae Cree 
o (Van ocho hes hai saad ‘ae ats “— nf es i , 


" he aa 


vs Vids ay, : : — 


S 


found with high frequency ventilation. 

Differences exist between various types of high frequency 
ventilation. Nomenclature is frequently overlapping and confusing, 
hence classification is best based on technical considerations and the 
ventilatory pattern of the three main categories of high frequency 
ventilation( 130) , It is useful to keep intermittent positive pressure 
ventilation as a reference with which in dogs the respiratory rate is 
set at 18 breaths/min and the volume at 15 ml/kg. 

The first mode of high frequency ventilation is that of high 
frequency positive pressure ventilation (HFPPV) which was introduced 
in 1967 (131-132). The major characteristics of this technique of 
ventilation are(133), CL) a ventilatory frequency of 60-100 
breaths/min, and an inspiration/expiratory ratio of less than 0.3 (2) 
a pneumatic valve to regulate gas flow (prohibiting evaluation of 
tidal volume due to a Venturi effect) (3) small tidal volumes 
(measured externally to animal) (4) positive intratracheal and 
negative intrapleural pressure throughout the ventilatory cycle (5) 
less circulatory interference than with conventional intermittent 
positive pressure ventilation (6) reflex suppression of spontaneous 
respiratory rhythmicity (7) decelerating inspiratory flow without an 
end-inspiratory plateau (8) more efficient pulmonary gas distribution 
than in conventional intermittent positive pressure ventilation. This 
mode of respiration has been extensively investigated, mainly in 
Sweden, and has been used in a variety of clinical situations, e.g. 
bronchoscopy, laryngoscopy etc, (134-37) with good results. 


The second mode of high frequency ventilation is that of high 
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frequency jet ventilation(HFuVv) (138-39) | With this mode of 
ventilation the flow of gas from a high pressure source is 
intermittently interrupted using a rotating valve or a solenoid so 
that a jet of gas may enter a catheter inserted into an endotracheal 
tube or percutaneously through the tracheal wa1} (140), the rate is 30- 
240 cycles/min. As with with the previously described system, gas is 
entrapped by a Venturi effect at the top of the catheter so that tidal 
volume actually delivered to the recipient is not known. The clinical 
uses are similar (141-42), it has been used in weaning patients from 
artificial ventilation(143), 

The third mode of high frequency ventilation and the mode 
employed in the current study is that of high frequency oscillatory 


ventilation (HFOV). 


High frequency oscillatory ventilation 

This mode of ventilation is defined as one where the tidal volume 
is equal to or less than the anatomic dead space and the ventilatory 
frequency is between 2 and 30 Hz. Two main types of respirators are 
available, electromagnetic and mechanical. The former, essentially 
loudspeakers driven in an amplified sine-wave, are useful for small 
volumes at lower frequencies; at a higher value of either, the other 
variable decreases. Mechanical ventilators are either piston pumps 
(prone to rapid wear) or eccentric can rubber diaphragms (prone to 
Sine-wave distortion at higher frequencies or volumes). A special 
circuit between the ventilator and the animal is then required. The 


connection between the ventilator and the animal is interrupted so 
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that a bias flow ( a cross flow of fresh gas at right angles to the 
oscillator output) may be attached. The gas mixture and volume of 
flow in the bias flow input tube is controlled as is,in some systems, 
the output flow nee exhaust tube. A respiratory stop-cock may be 
placed at the top of the endotracheal tube to permit easy switching 
from conventional to high frequency oscillatory ventilation. As most 
systems differ considerably the above is a general description; a 
detailed description of the system used in the current study is given 
under "Methods". High frequency oscillatory ventilation has also been 
applied experimentally using presure changes in a container external 


to the animal with adequate gas exchange !44) , 


Gas exchange during 
conventional high frequency ventilation is dependent on oscillatory 
volume, oscillatory frequency, bias flow and airway pressure( 145-46) | 

A problem with all modes of high frequency ventilation and 
especially high frequency oscillatory ventilation is that at the high 
frequencies required, the accuracy of measuring devices (which for an 
accurate reproduction of physiological parameters should have a 
frequency response of ten times the highest expected frequency (147) ) 
is inadequate. A specific related problem with this mode of 
ventilation with respect to oscillatory flow is the measurement of 
oscillatory tidal volume! 148-49) | The volume displaced by the 
ventilator during each respiratory cycle both in an inspiratory and 
expiratory motion is termed the oscillatory tidal volume, but the 
volume of gas moving in and out of the animal's airways (or the volume 
of gas moving in the gas exchanging airways) is not necessarily the 


same. The latter is determined by gas losses via the bias flow 
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mechanism and by the compliance, both of the respirator circuit and 
the airways of the animal. Hence, it can be significantly different 
from the respirator oscillatory tidal volume and the relationship 
between the two can change with changes in the other’ pump 
parameters. For example, histamine, an agent that causes 
bronchoconstriction will alter the setting of oscillatory respirator 
settings that provide adequate gas exchange. In order to restore gas 
exchange to its previous level, pump parameter settings must be 
altered. These interventions can both cause variable losses of gas 
via the exhaust tube as well as changes in stretch receptor discharge 
due to altered bronchial muscle tone and possibly altered ventilatory 
settings (150), In the current study oscillatory tidal volume will be 
used to refer to the ventilator setting for this variable. 

The first high frequency oscillatory ventilator was patented in 
1959(151) | Experimental work was first reported in 1972(152-53) when 
this mode of respiration was first used in physiological research. 
These early experiments were complicated by hemodynamic instability 
(with a metabolic acidocis) of uncertain etiology!154) More recent 


work has revealed a much more minor impairment of hememodynamic status 
(156-58) since 1980 (159) when a renewed level of interest began in 


this mode of ventilation and many centers began to study high 
frequency oscillatory ventilation. A problem that has arisen in 
comparing the work from different centers is that due to technical 
differences between various respiratory circuits , comparisons are 
difficult to make. 


Gas exchange during conventional ventilation is explained by the 
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bulk transport theory of fresh gas to the alveoli. During high 
frequency oscillatory ventilation there is no significant bulk flow; 
gas exchange is postulated to occur by the enchancement' of 
diffusion! 160) , In addition, the regular contraction of the heart 
causes localized lung oscillations which induce "cardiogenic" mixing 
of gases. This has been estimated to account for up to a tenfold! 161) 
increase of gas mixing as compared to spontaneous diffusion. Strobe 
light studies of lungs during high frequency ventilation have shown an 


asynchrony of movement with phase differences evident(162) so that 


some regions of the lung are expanding while others are contracting, 


ie. pendeluft (163) which may enchance gas mixing. Any such intra- 
lung gas movement may render meaningless any oscillatory tidal volume 
measurements taken at the level of the entire Jung. Stable 
physiological levels of arterial blood gases may be maintained with 
this technique (regardless of the mechanism) (164-65) | ty fact, very 
high flows of gas in the airways without any oscillation may maintain 
gas exchange at physiological levels(166) , 

This mode of ventilation has been employed in animals during 
oleic acid pulmonary oedema! 146,158) without deleterious effects and 
‘in human infants with respiratory distress syndrome of the 
newborn'!67) and = in respiratory failure with improvement’ in 
respiratory and cardiovascular function. No deleterious effects on 
lung surfactant or lung structure have been found! 168) | Indeed, since 
during high frequency oscillatory ventilation the airway pressure is 
more constant than with the large pressure swings of intermittent 


positive pressure ventilation, there should be less barotrauma and 
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less interference with lung function (e.g. lung lymph flow). 

In investigations conducted during high frequency positive 
pressure ventilation, it was found that the afferent traffic from 
multi-unit slowly adapting stretch receptor recordings which were 
cyclical during intermittent positive pressure, became grouped and 
irregular during high frequency ventilation. Furthermore, efferent 
phrenic nerve activity decreased, indicating cessation of respiratory 
drive(169)_ similar work conducted during high frequency oscillatory 
ventilation using single unit fibers from slowly adapting stretch 
receptors has shown that during high frequency oscillatory ventilation 
the stretch receptor discharge become continuous, again the phrenic 
nerve activity is suppressed (170) and apnea ensues (reversible by 
vagal section) (171), The frequency of discharge from slowly adapting 
stretch receptors at a given airway pressure is higher during high 
frequency oscillatory ventilation than during intermittent positive 
pressure ventilation, indicating a contribution from the dynamic 
component of the slowly adapting stretch receptors. 

Since the ventilation rate during high frequency oscillatory 
ventilation is the highest of the rates of the three modes of high 
frequency ventilation, the rate of stimulation of the dynamic 
component of the slowly adapting stretch receptors would be the most 
constant and the most different from that during intermittent positive 
pressure or spontaneous ventilation. It is thus the best experimental 
approach in the technique of changing the discharge from slowly 
adapting stretch receptors in a qualitative and quantitative 


fashion. The qualitative changes are known but the quantitative 
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changes in the frequency of discharge from the slowly adapting stretch 
receptors due to alterations in the parameters of high frequency 
oscillatory ventilation are not known. 

High frequency oscillatory ventilation thus appears to be a good 
technique to alter the afferent input from the slowly adapting stretch 
receptors if the effect of this pulmonary afferent nerve traffic on 


cardiovascular reflex regulation is to be investigated. 


Aims of the Present Study 
This study was designed to investigate the effects of 
qualitatively and quantitatively altered vagal nerve traffic from the 

Slowly adapting pulmonary’ stretch receptors on _ cardiovascular 

reflexes. The alterations in vagal nerve traffic were achieved by the 

use of high frequency oscillatory ventilation. 
Answers were sought to the following questions: 

1. What are the quantitative changes in vagal nerve discharge from 
the slowly adapting pulmonary stretch receptors due to changes in 
the parameters of high frequency oscillatory ventilation. 

2. Is the reflex response of the low pressure left atrial receptors 
altered during high frequency oscillatory ventilation, either with 
respect to the reflex tachycardia or the reflex hypo-osmolar 
diuresis and naturiesis. 

3. Is the reflex heart rate response of the vascularly isolated 
carotid sinus to pressure changes altered during high frequency 


oscillatory ventilation. 
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The dog model was used since the techniques for determining 
cardiovascular reflexes are well established in the literature for 


this model. 
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METHODS 


General 

Since in this study there were four different experimental 
preparations used, the description in this section shall deal initally 
with aspects common to all preparations and then with the specific 


aspects of each protocol. 


Mongrel dogs weighing 16-22 kg, which had been kept fasting on 
the morning of the experiment were used in all sections of the 
experiment. With the exception of five dogs in protocol IA, and the 
animals in protocols IB & IC (will be separately described later), 
which were anesthetized with pentobarbital sodium (Nembutal, Abbott 
Laboratories, Des Moines, Iowa) all the dogs were anesthetized with a- 
chloralase (Fisher Scientific, U.S.A.). The dogs were premedicated 
with morphine sulphate (dose 7 mg subcutaneously) then thirty minutes 
later they were anesthetized with an intravenous infusion of a- 
chloralase (dose 0.10g/kg) administered via a polyethylene catheter 
(I.D. 1.57 mm, Intramedic Polyethylene Tubing, Clay Adams, Parsipanny, 
New Jersey) introduced through the right saphenous vein to the 
inferior vena cava. A local anesthetic (Lidocaine, dose 10 mg 
xylocaine 2% w/v Astra Pharmaceutical Division, Mississauga, Ontario) 
was used to facilitate the insertion of this catheter. Subsequently 
during the experiment a steady state of light anesthesia was 
maintained by a continuous infusion of a chloralase as required to 


maintain a steady level of anesthesia (5 gm of a-chloralase in 500 ml 
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of normal saline [0.9% NaCl w/v], dose 0.5 to 0.75 ml/kg/10 min). 

When pentobarbital sodium was used, fasting dogs were 
anesthetized by an initial intravenous injection (dose 25 mg/kg) and 
anesthesia was maintained by doses given intravenously (2.5 mg/kg) 
every 30-40 minutes to maintain a steady level of anesthesia. 

After the induction of anesthesia the trachea was intubated with 
a cuffed endotracheal tube (I.D. 10 mm length 28 cm, National Catheter 
Co., Argyle, N.Y.) and the animal ventilated using a _ Harvard 
Respirator (Model 607, Harvard Instruments Co., Millis, Mass.) at a 
tidal volume of 15 ml/kg and a respiratory frequency of 18 per 
minute. A large bore (1.D. 7 mm) three way stop-cock was interposed 
between the ventilator and the endotracheal tube so as to permit the 
animal to be connected to either the Harvard or oscillatory 
ventilator. The outflow from the Harvard ventilator was placed under 
water to alter the end expiratory and hence mean airway pressure as 
required. 

The high frequency ventilator used (Model VSMV Metrex Instruments 
Ltd., Mississauga, Ontario) had an eccentric cam mechanism driving a 
rubber diaphragm. The oscillatory tidal volume and oscillatory 
frequency settings could be adjusted on the ventilator. 

The ventilator was connected to a four way connector using thick 
walled silastic tubing (I.D. 15 mm, Dow Corning Corporation, Midland 
Michigan). Two opposing ports of this four way connector were used to 
provide a cross (bias) flow of air enriched with oxygen (4 
litres/minute, pressure 50 PSI). The gas mixture entered the 


connector having passed through a flow gauge (J. Nageldinger and Sons 
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Inc., New York N.Y.) which permitted this flow to be maintained 
constant. The gas leaving the connector passed through a flexible 
tube (I.D. 10 mm, length 210 cm., "Tygon", Johnson Industrial 
Plastics, Edmonton, Canada) before passing into the atmosphere. When 
required the tip of this tube was placed under water to alter the mean 
airway pressure. The fourth part of the connector was attached to the 
three way stop-cock which provided a means of alternately ventilating 
the animal by intermittent positive pressure or high frequency 
oscillatory ventilation (Figure 1). 

The mean pressure in the trachea was measured at the level of the 
carina by inserting a multiple side-hole polyethylene cannula (I.D. 
1.67 mm). This cannula was connected to a transducer (P23 db Gould 
Stratham Instruments, Hato Rey, Puerto Rico). The systemic pressure 
was measured through a cannula (1.D. 1.67 mm) inserted into the right 
femoral artery and connected to a similar transducer. The frequency 
response of the blood pressure recording system was found to be flat 
to 30 Hz (+2%). The output of both transducers was amplified and 
recorded on light sensitive paper (Model VR12, Electronics for 
Medicine/Honeywell, Pleasantville, N.Y., U.S.A.). 

The esophageal temperature was monitored (Model 43TD, Yellow 
Springs Instrument Co. Yellow Springs, Ohio) and maintained at 37+1°C 
by means of heating blankets. 

Arterial blood gas measurements were made at the start of each 
experiment and then periodically to ensure normal values 
(Instrumentation Laboratory Inc., pH/Blood Gas Analyzer’ 813, 


Lexington, Mass.). 
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Protocols 1% Determinants of Slowly Adapting Stretch Receptor 
Discharge Frequency During High Frequency Oscillatory Ventilation. 

This section of the study investigated the effect of varying the 
parameters of high frequency oscillatory ventilation on pulmonary 
stretch receptor activity. 

In addition to the general procedures outlined above, the 
following additions were employed. 

The right femoral vein was cannulated for the purpose of 
administering drugs and for infusions during the experiment. The 
animals were hydrated with a constant infusion of 5% dextrose/.9% 
Saline (2:1) at a rate such that the total infusion rate (including a 
chloralose) was .1] ml/kg/min. Following this cannulation gallamine 
triethiodide (dose 20 mg Flaxedil, Rhone Poulenc Pharma Inc., 
Montreal, Quebec) was given and repeated every 45-60 minutes, as 
required, as a muscle relaxant. 

Action potentials were recorded from afferent fibers of the 
cervical vagus. The left vagus was dissected away from the carotid 
artery and desheathed. Strips of the vagus nerve were randomly 
separated from the main trunk and single fiber action potentials were 
recorded from the peripheral end using silver electrodes. The input 
from the electrodes was amplified (Tektronix Type 122, Low Level 
Preamplifier, Tektronix Inc., Oregon) and recorded. The output from 
the recorder was fed into a pulse discriminator, which provided noise 
free tracings which were recorded along with the EKG and pressure 
tracings (Figure 2). 


Identification of the fibers from the slowly adapting stretch 
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receptors was facilitated by obtaining an audio representation of the 
amplified action potential signal (Amplifier Model 32-2032 Radio 
Shack, Tandy Electronics Ltd., Barrie, Ontario). 

Conduction velocity was obtained by conventional means. The 
vagus nerve was exposed over a length of 8 cm or more. An electrical 
impulse (Nerve Stimulator Model SD9B Grass Inst. Co., Quincy, Mass.) 
was applied 5-6 cm distal to the recording electrode. The conduction 
velocity was calculated from the latency of the evoked response 
utilizing the pulse discriminator oscilloscope and the measured exact 
distance between the stimulating and recording electrodes. 

Three protocols were carried out in this series of experiments. 
In all cases, a period of stabilization was allowed to elapse 
following the completion of the surgical procedure. Since it was 
ascertained that the experimental preparation did not allow any 
changes in bias flow without a corresponding change in end expiratory 
pressure; bias flow was fixed in each section of the experiment. 

In all protocols only recordings from single fiber units from 
Slowly adapting stretch receptors were made; these were identified by 
their typical cyclical discharge pattern during normal airway 
pressures during intermitent positive pressure ventilation. Each 
setting was maintained for at least three minutes and recordings were 
taken only after the frequency of discharges from the slowly adapting 
stretch receptors had stabilized. Thirty second counts were obtained 
in duplicate or triplicate over a ninety second period and expressed 
as a mean value for that setting. These times were selected on the 


basis of previous studies which indicated that the discharge from the 
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slowly adatping stretch receptors had reached a steady state. 

In all series control recordings of the discharge of stretch 
receptors during intermittent positive pressure ventilation were made 
before and after each period of high frequency oscillatory ventilation 
to establish the stability of the preparation. 

Recordings were made from a variable number of pulmonary stretch 
receptors in each experimental animal; ranging from one to six 
units. As each animal has hundreds of pulmonary stretch receptors, 
the exact response of which to a given airway pressure will vary as 
the subtype and the location in the pulmonary tree, the response of 
one receptor is influenced very little, if at all, by its being in the 
same animal as another receptor. The receptor vagal units were picked 
randomly from the vagal nerve bundle and the results summed for all 
the units together. This method is an accepted experimental approach 


in action potential studies(172) , 


Protocol I A. Slowly adapting stretch receptor discharge with 
alterations in ventilatior settings of oscillatory tidal volume, 
oscillatory frequency and mean airway pressure. 

In this protocol, having fixed bias flow, the other parameters of 
high frequency oscillatory ventilation, oscillatory tidal volume, 
oscillatory frequency and mean airway’ pressure were altered 
individually. Continuous recordings were obtained from single stretch 
receptors in strips of the cervical vagus with the animal ventilated 
in the following’ fashion (1) intermittent positive presure 


ventilation (2) high frequency oscillatory ventilation with the 
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oscillatory tidal volume setting of the pump varied to 2.5, 5.0, and 
7.5 ml/kg respectively, (3) intermittent positive pressure ventilation 
(4) high frequency oscillatory ventilation with the oscillatory 
frequency setting of the pump varied to 8, 18 and 28 Hz respectively 
(5) intermittent positive pressure ventilation and finally (6) high 
frequency oscillatory ventialtion with the mean airway pressure varied 
to 2.1, 3.0, 6.0, 9.0 and 2.1 cm water in turn. The baseline value 
of 2.1 cm water was the average mean airway pressure inherent in the 
experimental preparation. While on high frequency oscillatory 
ventilation only the parameter mentioned was varied and the other pump 
settings were not altered. In some of these animals the conduction 


velocity was recorded as well. 


EROCOCOIN Ir bis Slowly adapting stretch receptor discharge with 
individual alterations in oscillatory tidal volume, oscillatory 
frequency and mean airway pressure. 

After the completion of the above series it became apparent that 
with high frequency oscillatory ventilation changes in the principal 
parameter (i.e. oscillatory volume, or oscillatory frequency) resulted 
in concurrent changes in the other determinants of ventilation (i.e. 
oscillatory frequency and mean airway pressure in the case of primary 
changes in oscillatory tidal volume and mean airway pressure in the 
case of primary changes in oscillatory frequency). Thus, in the 
second series of experiments, the dogs were studied in the same 
fashion as in the first except that at each setting of high frequency 


oscillatory ventilation only the _ principal parameter under 
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investigation was altered and the other parameters were fixed so that 
no absolute change occurred in them due to changes in the principal 
parameter. Thus, the effect of changes in only one parameter at a 


time was evaluated. 


Protocols Ise: Combined effects of oscillatory frequency and mean 
airway pressure on slowly adapting stretch receptor discharge. 

In the third section of this experiment the individual effects 
and interactions of the two parameters that had been identified in 
protocol IB as having the greatest effect on stretch receptor 
discharge were investigated. These were oscillatory frequency and 
mean airway pressure. The other parameters, bias flow and oscillatory 
volume, were kept fixed in each experimental run. The oscillatory 
frequency was fixed at each of 8, 16 and 24 Hz in turn, then the mean 
airway pressure was randomly set at 3, 5, and 7 cm water. 

Recordings of each stretch receptor unit during intermittent 
positive pressure ventilation were made before and after each change 


in oscillatory frequency was made. 


Protocol II. Stimulation of Left Atrial Receptors During Intermittent 
Positive Pressure and High Frequency Oscillatory Ventilation. 

This section investigated the effect of altered afferent vagal 
nerve traffic from the stretch receptors on the reflex cardiac and 
renal responses to stimulation of left atrial receptors. 

In addition to the general procedures outlined above the 


following additions were employed. 
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The right femoral vein was cannulated for the purpose of 
adminstering drugs and for infusions during the experiment. The 
animals were hydrated with a constant infusion of 5% dextrose/.9% 
Saline (2:1) at a rate such that the total infusion rate (including « 
chloralase) was .1 ml/kg/min. 

This section of the study consists of four subsections. In the 
first 3 subsections the reflex tachycardia to left atrial receptor 
stimulation was evaluated:in protocol IIA the presence of the reflex 
heart rate response to left atrial stimulation during high frequency 
oscillatory ventilation was ascertained; in IIB the heart rate 
response was evaluated during alterations in the respiratory 
parameters of high frequency oscillatory ventilation; in IIC the 
reflex response to graded left atrial receptor stimulation was 
recorded. In protocol IID the renal response to left atrial receptor 
stimulation during high frequency oscillatory ventilation was studied. 

The surgical preparation in the first three subsections was 
identical, this will be described first; while the preparation in the 
fourth section was different and will be described separately. 

In the first three sections the chest was opened in fourth 
intercostal space on the left and an expiratory resistance provided by 
placing the expiratory line under 3 cm of water. Small latex balloons 
(Conform Latex Tissue Finger Cots, Ackwell Industries Inc., Dothan, 
Alabama) on polyethylene cannulae (I.D. 1.59 mm) were placed at each 
of the left upper and left middle pulmonary vein-atrial junctions and 
a larger latex balloon (digit of surgical glove Roll-proof sheers, 


Ingram & Bell Ltd, Don Mills, Ontario) on a similar cannula was 
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inserted into the left atrial appendage. A polyethylene cannula (1I.D. 
1.67 mm) with a side hole was inserted into the left atrium to record 
pressures. Following this cannulation the upper and middle lobes of 
the left lung were tied off. The left atrial appendage and pulmonary 
vein-atrial junctions were stretched by distending the balloons with 
warm saline, the appendage with approximately 3-4 ml, the vein- 
atrial junctions with approximately 1.0-1.5 ml.(Figure 3). 

In some of the animals in the second section the pressure in the 
inferior vena cava was also recorded using a multiple side hole 
polyethylene (1.D. 1.77 mm) cannula inserted through the right femoral 
vein. 

In the fourth section the chest was opened in the same fashion. 
A single large latex balloon on a cannula was placed in the left 
atrium. A polyethylene cannula (1.D. 1.67 mm) with a side hole was 
inserted into the left atrium to record pressure. Through a midline 
abdominal incision the ureters were disected free and polyethylene 
cannulae (I.D. 1.19 mm) with side holes were inserted and the distal 
ureters were tied off. The distal ends of the cannulae were then 
placed in calibrated test tubes so that the urine output could be 
measured. The atrial receptors were stimulated by distending the 
large balloon so as to block the mitral orifice and raise the pressure 
in the left atrium by approximately 10 cm water.(Figure 4) 

Four subprotocols were carried out in this series’ of 
experiments. In each case a period of at least 30 minutes, for 
Stabilization, post surgery, was allowed to elapse. As in the 


previous section bias flow was fixed in each section of the 
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experiment. 
Protocol IIA. Left atrial receptor heart rate reflex during 
intermittent positive pressure and high frequency oscillatory 
ventilation. 

The first protocol studied whether the reflex rise in heart rate 
present during intermittent positive pressure ventilation was still 
present during high frequency oscillatory ventilation. Intermittent 
positive pressure ventilation, as opposed to spontaneous respiration, 
was required in the control periods due to the use of surgical 
anesthesia. 

Stimulations were done first during intermittent positive 
pressure ventilation (IPPVY) then during high frequency oscillatory 
ventilation, then again during intermittent positive pressure 
ventilation, each sequence repeated twice. Finally, the right and 
left ansae subclaviae were crushed and a final sequence completed. 
During each stimulation sequence, at least two minutes were recorded 
as an initial control period. The recording was continued as the 
Stimulus was applied for two minutes. Then the stimulus was removed 
and a further recording obtained for five minutes or until the heart 
rate stabilized. 

For the purpose of analyzing the data the heart rate was counted 
over the final minute of each period. The control value was taken to 
be the average of the two control periods. This value was compared 
with the value obtained during the period of stimulation for both the 


heart rate and for the other physiological parameters. 
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Protocol IIB. Left atrial receptor heart rate reflex with variable 
Slowly adapting receptor discharge frequencies (during high frequency 
oscillatory ventilation). 

In this protocol the effect on the reflex tachycardia due to left 
atrial receptor stimulation was studied at various settings of the 
high frequency oscillatory ventilator parameters. Work from Protocol 
IA had shown that changing the pump parameter settings of oscillatory 
tidal volume and oscillatory frequency would result in a predictable 
change in slowly adapting receptor discharge. 

Following a similar protocol for the stimulations the following 
sequence was carried out: (1) during intermittent positive pressure 
ventilation (2) during high frequency oscillatory ventilation with the 
oscillatory tidal volume nominally fixed at 5 ml/kg and oscillatory 
frequencies of 8, 16 and 25 Hz in turn (3) during intermittent 
positive pressure ventilation (4) during high frequency oscillatory 
ventilation with the oscillatory frequency fixed at 16 Hz and volumes 
of 2.5, 5.0 and 7.5 ml/kg in turn (5) during intermittent positive 


pressure ventilation. 


Protocol II C. Left atrial heart rate reflex with graded left atrial 
receptor stimulation during intermittent positive pressure and high 
frequency oscillatory ventilation. 
In this protocol the effect of grading the left atrial receptor 
Stimulation by varying the number of sites stimulated was studied. 
Following a similar protocol for the stimulation the following 


sequence was carried out: (1) during intermittent positive pressure 
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ventilation with all three balloons (one each on the upper and middle 
left pulmonary vein-atrial junctions and one in the left atrial 
appendage) inflated (2) during intermittent positive pressure 
ventilation with only the two pulmonary vein-atrial junction balloons 
inflated (3) during intermittent positive pressure ventilation with 
only one of the pulmonary vein-atrial junction balloons inflated 
(4,5,6,) repetition of the above sequences during high frequency 
oscillatory ventilation(7,8,9), repetition of the initial sequences on 
intermittent positive pressure ventilation. The high frequency 
ventilation parameters were an oscillatory tidal volume of 5 ml/kg and 


a frequency of 16 Hz. 


Protocol II D. Left atrial receptor renal reflex during intermittent 
positive pressure and high frequency oscillatory ventilation. 

In this protocol the renal response to left atrial receptor 
stimulation was evaluated. 

Following a similar period of stabilization post surgery, 
sequential ten minute urine collections were obtained until three 
consecutive ones had stabilized to +] ml. These were taken as the 
control period. The mitral valve was then obstructed by distending 
the left atrial balloon for thirty minutes and then deflating it. 
During the period of stimulation and for forty mintues_ post 
stimulation the urine collections were continued every ten minutes. 
The volume of urine was recorded and the sample then sent for 
electolyte (sodium) and osmolality measurement (Corning Flame 


Photometer, Model 430, Corning EEL, Evans Electroselenium Ltd., 
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Halstead, England and Osmette S., Model N.4002, Precision Systems, 
Waltham, Mass., U.S.A). In all cases the data for the three initial 
control periods, the last two periods during stimulation and the first 
post stimulation and the last three periods were averaged to provide 
the control, the stimulation and the control values. In alternate 
animals the sequence of testing was intermittent positive pressure 
ventilation then high frequency oscillatory ventilation, then again 
intermittent positive pressure ventilation and the reverse sequence. 
The high frequency ventilation parameters were an oscillatory tidal 


volume of 5 ml/kg and a frequency of 16 Hz. 


Protocol III. Isolated Carotoid Sinus Reflex Heart Rate Response 
During Intermittent Positive Pressure and High Frequency Oscillatory 
Ventilation. 

This section investigated the effect of altered afferent vagal 
nerve traffic from the slowly adapting stretch receptors on the heart 
rate response to alteration in pressure in vascularly isolated carotid 
Sinuses (systemic blood pressure fixed). 

In addition to the general procedures outlined previously the 
following additions were employed. The right femoral vein was 
cannulated for the purpose of administering drugs and for infusions 
during the experiment. The animals were hydrated with a constant 
infusion of .9% saline w/v at as slow a rate as possible. 

The dogs were given 2,000 iu of heparin sulphate i.v. (Allen and 
Hanburys, Galaxo Canada Toronto) and one million units of crystalline 


penicillin (Crystapen, Galaxo Laboratories, Toronto, Ontario). A 
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tapered cannula (16F, Bardic) was introduced into the left femoral 
artery and positioned so that the tip lay at the bifurcation of the 
abdominal aorta. The distal end of this cannula was connected (240 m 
I.D. 3/16 inch Nalgene 8000 Tubing) to an arterial reservoir (clear 
plastic cylinder 340 mm in height, 150 mm in diameter, volume 6.5L) 
which had been primed with 500 ml of Dextran 40 in dextrose 5% 
(Rneomacrodex 10% w/v, Pharmacia (Canada) Ltd., Dorval, Quebec) to 
which had been added 1,000 iu of heparin. The pressure in the sealed 
arterial reservoir was maintained constant by varying the balance 
between (a) the inflow of pressurized air and (b) loss of pressure via 
an adjustable stop-cock (Propper, West Germany). A water heater 
(Hoake, Gebruder, Type F.E., Berlin, West Germany) connected to a coil 
in the arterial reservoir maintained the blood at 37+1.0°C. 

The cervical carotid arteries at the level of the carotid 
bifurcation were carefully disected out and a metal "“u" shaped cannula 
(depth of "u" 3 cm, spread of tips of "u" 5 cm, I.D. 3 mm) with a side 
arm (length 1.7 mm, I.D. 1 mm), to which a pressure transducer (model 
P23 db Gould Stratham Instruments) was attached via a polyethylene 
cannula, (I.D. 1.67 mm) was inserted. A second side arm of the "u" 
shaped cannula (length 40 mm, I.D. 5 mm) was connected via an 
intravenous infusion set (Softset i.v. set, Cutter (Canada) Ltd., 
Calgary, Alberta), through a pressurized air traping chamber (clear 
plastic cylinder 230 mm x 25 mm, volume 120 cc) to the arterial 
reservoir. A roller pump (Mini Puls 2 Gibson Medical Electronics, 
France) was placed between the arterial reservoir and the air trapping 


chamber to permit variable rates of perfusion of the carotid 
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sinuses. The reservoir and air trapping chambers were connected 
(Nalgene 8000 tubing). The internal and external carotids, the 
occipital arteries as well as any other visible arteries were then 
bilaterally ligated; care was taken to inactivate the carotid bodies 
by ligating the occipital arteries at their origins. Blood from the 
isolated sinus was allowed to flow away through small lateral muscular 
branches. A third chamber (clear plastic cylinder 205 mm in height, 
50 min in diameter, volume 400 ml non-pressurized) was connected 
(Nalgene 8000) via the same roller pump in a reverse direction to the 
carotid sinus perfusion circuit so that the volume in the arterial 
reservoir could be held constant (Figure 5). 

With the above arrangement the pressure in the carotid sinuses 
could be varied independently of the systemic pressure by adjusting 
the settings on the roller pump and the pressure generated in the 
carotid sinuses measured. The systemic arterial pressure was kept 
fixed by maintaining a constant air presure above the blood in the 
arterial reservoir; the volume of blood in the reservoir was meeteted 
to change in response to compliance changes in the cardiovascular 
system. 

At the completion of the surgical protocol the animal was 
permitted to stabilize. The systemic blood presure was fixed at 110 
to 125 mm Hg and the carotid sinus pressure was regulated to 120 mm 
Hg and then raised in 20 mm Hg increments until either no further 
change in heart rate was obtained or no further carotid sinus pressure 
increment was possible. The carotid sinus pressure was then dropped 


to 100 mm Hg and decreased by 20 mm Hg decreases until no further 
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change in heart rate occurred. The carotid sinus pressure was then 
returned to 120 mm Hg for a final control. The above protocol was 
initially done during intermittent positive pressure ventilation, then 
repeated during high frequency oscillatory ventilation and then repeated 
again during intermitttent positive pressure ventilation. At each level 
of carotid sinus pressure, the recordings were obtained over a minute, 
only when all the variables were stable. The pressure at each setting 
was maintained for as short a period as possible to prevent resetting of 


the carotid sinus. 
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STATISTICAL ANALYSIS 


General 

The data is given as the arithmetic mean plus or minus the standard 
error of the mean. 

In all cases significance was taken at p<0.05. Where two or more 
treatments were compared by an analysis of variance (ANOVA) the least 
significant difference test (LSD) at p<0.05 was used if the ANOVA was 


Significant. 


Protocol I. Determinants of Slowly Adapting Stretch Receptor Discharge 
Frequency During High Frequency Oscillatory Ventilation. 

In protocol IA and IB a two way analysis of variance was used; in 
protocol IC a split plot analysis of variance was used. Due to the wide 
range of discharge frequencies the data in protocol IA and IB were also 
evaluated by the non-parametric Wilcoxan test. In the first protocol 
where a number of parameters changed simultaneously, an analysis of 
covariance was used to assist in delineating the primary parameter 
effect apart from the effect of concurrent change in mean airway 
pressure. 

In all experiments, the frequencies of discharge from stretch 
receptors during intermittent positive pressure ventilation before, 
during, and after the experimental protocol on high frequency 
oscillatory ventilation were evaluated by a two way analysis of variance 
to determine if the experimental preparation had remained stable over 


the course of the study. 
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Protocol II. Stimulation of Left Atrial Receptors During Intermittent 
Positive Pressure and High Frequency Oscillatory Ventilation 

In protocols II A, B, and C the paired student-t test was used to 
determine if the heart rate change with a given set of respiratory 
parameters was significant during stimulation as compared to control. 

In protocol IIA the student-t test was also used to determine if 
the other physiological parameters changed during the period of 
Stimulation. As an alternative method of evaluating the responses the 
heart rate increased during stimulation during intermittent positive 
pressure ventilation for each sequence were averaged and then compared 
to the increase during high frequency oscillatory oscillation on that 
run. 

In protocol IIB the two way analysis of variance was used to 
compare the heart rate responses, as well as the other physiological 
parameters, at the various settings of the respiratory parameters. The 
responses during intermittent positive pressure ventilation between the 
sequences during high frequency ventilation were evaluated by a two way 
analysis of variance. 

In protocol IIC the two way analysis of variance was used to 
compare the heart rate responses at the various grades of left atrial 
receptor stimulation as well as the other physiological parameters for 
both modes of ventilation. 

In protocol IID the data were analyzed by the paired student-t test 
for urine flow, urine sodium, total sodium excretion and osmolality. No 
evaluation statistically was done of the left atrial pressure, heart 
rate and blood pressure since the technique employed called for a 


Significant obstruction at the mitral valve (to raise left atrial 
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presure) intentionally causing a drop in blood pressure and a resultant 


tachycardia. 


Protocol III. Isolated Carotid Sinus reflex Heart Rate Response During 
Intermittent Positive presure and High Frequency Oscillatory 
Ventilation. 

The range of heart rates in each experimental run was normalized to 
a range of 0 to 100 and the arithmetic mean of the normalized heart 
rates in the carotid sinus pressure ranges of 45-64, 65-84, 85-104, 105- 
124, 125-144, 145-164, 165-184, 185-204, 205-224 mm Hg were plotted 
against the midpoints of these carotid sinus pressure ranges, namely 55, 
(Seo. Lone o5 oe 55, Oso, ond 2l> meng respectively. This 
resulted in a plot of normalized heart rate as a function of carotid 
Sinus pressure. For each run the data for the initial and final 
controls on intermittent positive pressure ventilation were taken 
together. The data below the range of 85-104 mm Hg carotid sinus 
pressure showed a leveling off of the heart rate response and were not 
included in the subsequent regression analysis. The linear regression 
equation for the pressure range 85-224 was then determined by the method 
of least squares difference for both modes of ventilation (for each 
experimetnal run). The two sets of slopes (percent heart rate changes 
per mm Hg change in carotid sinus pressure) were compared using the 
student-t test. The values for normalized heart rates with each mode of 
ventilation at the various carotid sinus presures and the other 
physiological parameters were compared using the two way analysis of 


variance. 
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RESULTS 


Protocol I. Determinants of Slowly Adapting Stretch Receptor 


Discharge Frequency During High Frequency Oscillatory Ventilation. 


Protocol IA. Slowly adapting stretch receptor discharge with 
alterations in ventilator settings of oscillatory tidal volume, 
oscillatory frequency, and mean airway pressure. 

In the 10 experimental animals studied the heart rate and mean 
arterial pressure at the commencement of the protocol during 
intermittent positive pressure ventilation were 126.4+18.3 beats/min 
and 113.9+7.8 mmHg. The arterial pH, PCO. and P05 were 7.3940.02, 
37.441.7 mm Hg and 240+23 mm Hg respectively. The frequencies of 
discharge from slowly adapting receptors obtained during control 
periods during intermittent positive pressure ventilation were 
24.2+3.7 25.5+4.3 and 25.2+4.5 Hz respectively. These values were 
calculated from the total number of action potentials generated over a 
minute. These values were not significantly different indicating the 
functional stability of the units studied. The conduction velocity was 
measured in 12 units at the completion of the protocol and found to be 
34.1+4.3 m/sec. 

Initially the effect of changes in oscillatory tidal volume on 25 
Stretch receptor units was studied with the oscillatory frequency pump 
setting at 17 Hz(Figure 6). The airway pressure and the oscillatory 
frequency were permitted to vary freely. As the oscillatory tidal 


volume was changed from 2.5 to 5.0 to 7.5 ml/kg the frequencies of 
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discharge from the stretch receptors increased from 22.8+4.7 to 
36.2+5.6 to 44.6+6.8 Hz respectively; all these frequencies were 
Significantly statistically different, both with parametric and non 
parametric testing. Although the oscillatory frequency was set at 17 
Hz at these settings of oscillatory tidal volume the actual 
oscillatory frequencies were found to be 20.2+0.5, 16.9+0.1 and 
14.140.4 Hz ~~ respectively; these changes were statistically 
different. In addition, the values for the mean airway pressures at 
these oscillatory tidal volume settings (and oscillatory frequencies) 
were? afound: stowerbel Ghe3t09Ze e2sdt0.2sreand« 2::640<2 tocmavwater 
respectively. The lowest value was significantly different from the 
other two (Figure 7). 

Secondly, the effect of changes in oscillatory frequency on the 
same 25 units was studied. As the frequencies were varied from 8 to 
18 to 28 Hz the oscillatory tidal volume was held constant at 5 ml/kg 
and the airway pressure was allowed to vary freely (Figure 8). At the 
above oscillatory frequencies the frequencies of discharge from the 
Stretch receptors were 16.8+3.7, 332024. Seteand: miso .6+5<44angdz 
respectively; these values are all statistically different from each 
other, both by parametric and non parametric testing. Concurrent 
changes in mean airway pressure were 1.2+0.2, 2.1+0.2, 2.6+0.2 cm 
water the values again are all statisticaly different from each other 
(Figure 9). 

Finally in 20 units the end expiratory pressure was varied with 
the oscillatory frequency set at 17 Hz and the oscillatory tidal 


volume set at 5 ml/kg. The control mean pressure was 2.1 cm water; 
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this was altered to 3.0, 6.0, 9.0 and finally 2.1 cm water in turn 
(Figure 10). The frequencies of discharge altered from 31.4+5.6 
(initial control) to 46.8+8.5, 55.5+9.0, 53.7+9.4 and 23.043.5 (final 
control) Hz. The difference between the control values and the other 
values was significant, both by parametric and non _ parametric 
testing. There was no significant difference between the oscillatory 
frequencies (Fig. 11). 

In this series it was apparent that variation in the principal 
parameter resulted in concurrent changes in the other parameters. In 
addition, it appeared that mean airway pressure seemed to have the 
greatest influence on the discharge from stretch receptors. Thus the 
data was re-analyzed to determine the possible influence of changes in 
airway pressure (either as a primary or a secondary change) on the 
activity of the stretch receptors. This analysis is presented 
graphically for high frequency oscillatory ventilation in Figure 12. 
From this data it became apparent that the changes in stretch receptor 
activity observed with variation in oscillatory frequency § and 
oscillatory tidal volume could be, to a large extent, due to changes 
in airway pressure. 

A two way analysis of covariance, compensating for the changes in 
airway pressure, however, indicated that the influences of oscillatory 
frequency and oscillatory tidal volume were significant (please see 
Discussion with respect to this analysis). 

Protocol IA was the only section of the experiment conducted 
partially under a _ chloralose (5 dogs) and partially under 


phenobarbital (5 dogs) anesthesia. The results with both modes of 
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anesthesia were similar, although the mean values for the frequencies 
of discharge from the slowly adapting receptors tended to be higher, 
but not statistically so, during phenobarbital anesthesia. (The slowly 
adapting receptor frequencies of discharge during «a chloralose and 
phentobarbital anesthesia during changes in oscillatory tidal volume 
wereml/not3.4emz2cot4. 1), 33. 143.08 HZ randie2653£9 02, 414t8s8e 522341029 
Hz respectively; during changes oscillatory frequency were 11.7+3.2, 
2ONATa Oe is2.0L4n ee Hz emandeer20SF5. SHGe 35457! Olan) 42 . 728 JP erHzZ 
respectively;during changes in mean airway pressure were 20.4+4.1, 
23.9t0een 29e3tonOy MA0sOLOLVeumioect seo Hz dnd 835.07782 5 P54.4+10.53 
63.5411.2, 58.3412.2, 20.8+4.6 Hz). The data was pooled together for 


analysis. 


Protocol iB. Slowly adapting stretch receptor discharge with 


individual alterations in oscillatory tidal volume, oscillatory 


frequency and mean airway pressure. 

In the four experimental animals studied the heart rate and mean 
arterial pressure at the commencement of the protocol during 
intermittent positive pressure ventilation were 163.31+6.3 beats/min 
and 131.0+4.0 mm Hg. The arterial pH, PCOs PO. were H540+£0 5033 
28./+2.4 mm Hg and 279.1421.7 mm Hg respectively. The frequencies of 
discharge from slowly adapting stretch receptors during control 
intermittent positive pressure ventilation recordings, during the 
initial control period, after oscillatory tidal volume variation, and 
after oscillatory frequency variation were 27.94+3.7, 29.845.3, 


28.1+4.4 Hz respectively. These frequencies were not significantly 
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different indicating the functional stability of the units. 

The order of changes in the primary parameters was the same as in 
the first protocol. Sixteen stretch receptor units were studied. The 
oscillatory tidal volume was varied from 2.5 to 5.0 to 7.5 ml/kg with 
the mean airway pressure fixed at 3 cm water and the oscillatory 
frequency fixed at 16 Hz. The frequencies of discharge from the 
Stretch receptors were 44.8+6.2, 48.2+6.3 and 49.0+6.0 Hz 
respectively. These frequencies were not significantly different, 
either by parametric or non parametric testing. 

Next the oscillatory frequency was varied stepwise from 8 to 16 
to 28 Hz with the mean airway pressure fixed at 3 cm water and the 
oscillatory tidal volume held constant at 5 ml/kg. The frequencies of 
discharge from the stretch receptors were 44.1+6.3, 46.64+5.8, and 
52.5+6.7 Hz respectively. The latter value was different significantly 
from the other two, either by parametric or non parametric testing. 

Finally, the mean airway pressure was varied from 3 to 6 to 9 and 
then again to 3 cm water. The oscillatory frequency was maintained at 
16 Hz and the oscillatory tidal volume nominally held constant. The 
frequencies of discharge from the stretch receptors were 50.3+6.4, 
69.8+8.3, 81.74+9.7, 52.8+6.4 Hz. The two values at 3 cm water were 
not statistically different , either by parametric or non parametric 
testing, but the values at the other setting were different. From 
these results it was concluded that the discharge from the stretch 
receptors was influenced mainly by the airway pressure and oscillatory 


frequency (Fig. 13). 
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BYotoco lof l mG: Combined effects of oscillatory frequency and mean 


airway pressure on slowly adapting stretch receptor discharge. 

In the four experimental animals studied, the heart rate and mean 
arterial pressure at the commencement of the protocol during 
intermittent positive pressure ventilation were 163.3410.0 beats/min 
and 147.0+5.6 mm Hg. The arterial pH, PCO and P05 were 7.3440:03, 
39.7+5.4 mm Hg, 281.44+54.7 mm Hg respectively. A total of eight 
stretch receptor units were studied. The frequencies of discharge 
from the stretch receptors from the control periods during 
intermittent positive pressure ventilation were 26.5+1.4, 26.1+1.3, 
25.84+1.4, 25.8+1.5 Hz respectively. These frequencies were not 
Statistically different. 

The bias flow was fixed in each run and the oscillatory tidal 
volume fixed at 5 ml/kg. At an oscillatory frequency of 8 Hz and mean 
airway pressures of 3, 5 and 7 cm water the frequencies of discharge 
from the slowly adapting stretch receptors were 36.7+2.7, 50.4+2.3 and 
61.44+2.5 Hz respectively; at an oscillatory frequency of 16 Hz and 
mean airway pressures of 3, 5, and 7 cm water the frequencies of 
discharge from the stretch receptors were 42.242.4, 53.9+2.0 and 
64.7+1.7 Hz respectively. At an oscillatory frequency of 24 Hz and 
mean airway pressures of 3, 5 and 7 cm water, the frequencies of 
discharge from the stretch receptors were 52.8+1.7, 58.4+2.1, and 
67.5+1.7 Hz respectively. The split plot analysis of variance with 
frequency as the main variable showed the influences of oscillatory 
frequency (p<0.05) and of mean airway pressure (p<0.01) to be 


significant. There was also a significant interaction between the 


ee hie 
wee bné. ofan Peet it eran 
 qubsub fasotorg, edt (90 Jsoresoname> et 
minhezéed 0, ofst car oven nattnTitew sweddiq © | 7 : 
cOJOLRE.T orew ofttee P08 ali Nghe ea payne i 
tiipte to (eso? A tae ial Mom (bah AS. Sal AesTiee > - 
apradoeth %o. 2eroneunersd at “pie oh ett yoaeenen — ay 
ond abobyng eran SA) wed Soitscnst patente wed» a 
tetas bu842. 08 -eh08 qutied tose ssroeesha evizizoq onagatenstat +h 
fon graw_ eehoneuesa? saan i fsiup iat ma & {46.2% hilag. 2. - 
a nL ae 

hearts crogut aes m2 bas elt dace ai pent? 2m wort ast ont. 
seem bes GE tr eamoupst? plate logy ms 2A pate 226 pant eso 
sovstiasts Ye eefonpuper) att vatdeddo 5 toe #4 fo..cquetena. rat : 
oan 2.S¢hG3 .T Met Mpwhew arotgeter itera pategqabs,vlwolecens wort 
bas sM 37 te Apnatieeyh pereperraies ne JE sufovitoagesy sH Pere 
to adtonaupen? sik Sephwecep S fiee 2.2 3b. nevbeeiqeyeirite nage 
WORT a be 
hoe ss AS to Yona eaete as 74 “efouttaaqes | aH ie | ae 
to votonounert 2 Tamm aRDE mee. FMR sin om at si 


met Seb.82) Sa leheetes me eat | nah romain 


tte : to pentapl @ 
sone tsv * a 
yugelfioze to esonmelh 


od ad $10,00q) var 


= oa 


effect of mean airway pressure and oscillatory frequency with each 
being greatest at the lowest level of the other parameter and 
diminishing as the other parameter increased (i.e. at the highest 
value of mean airway pressure the effect of changes in frequency was 


least) (Fig. 14). 


Protocol II. Stimulation of Left Atrial Receptors During Intermittent 


Positive Pressure and High Frequency Oscillatory Ventilation. 


Provocol wily A: Left atrial receptor heart rate reflex during 


intermittent positive pressure ventilation and high frequency 


oscillatory ventilation. 

In five dogs at the commencement of the recordings the mean heart 
rate, systemic blood pressure, left atrial pressure and airway 
pressure were 95.4+11.9 beats/min, 121.0+8.2 mm Hg, 6.6+2.0 cm water 
and 4.2+0.4 cm water respectively. The arterial pH, PCO» and PO» were 
7.39+0.2, 31.1+2.9 mm Hg and 231.7+35.5 mm Hg respectively. 

In five dogs ten sequences of stretching the left atrial 
pulmonary vein junction were completed (Figures 15,16). The mean 
heart rate increase during twenty stimulations during intermittent 
positive pressure ventilation was 23.9+3.4 beats/min. On ten 
stimulations during high frequency oscillatory ventilation the heart 
rate increase was 24.5+5.4 beats/min (Figure 17). The responses were 
not statistically different, nor was a different result obtained if 


the intermittent positive pressure ventilation stimulations for each 
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66 
run are averaged and then compared to those during high frequency 
oscillatory ventilation on that run (24.6+4.3 and 24.54+5.4 beats/min 
respectively). The increase after sectioning the ansa subclaviae with 
ten runs during intermittent positive pressure ventilation was 2.1+1.0 
beats/min while during high frequency oscillatory ventilation in five 
runs the heart rate increase was 2.0+2.0 beats/min. These increases 
were not statistically significant, nor were they different from each 
other; however, they were different from the heart rate change prior 
to ansal sectioning. 

There was no significant change in blood pressure or airway 
pressure with any of the stimulations; (Table 1) however, during both 
modes of ventilation there was a rise in left atrial pressure during 
Stimulation. When the rise in left atrial pressure was compared to 
the heart rate increase and a linear regression obtained by the least 
Squares method the correlation coefficient for either mode of 
ventilation was not significant (r=-.13 and r=.16 respectively). (Fig. 
19). A rise in left atrial pressure post ansal sectioning, without an 
additional increase during stimulation was noted, this would not be 
expected to affect the reflex response. With the high frequency 
oscillatory system used, although no end expiratory pressure was 
intentionally applied, there was always a positive airway pressure. 

The initial control heart rate during intermittent positive 
pressure ventilation was 89.9+6.7 beats/min, while during high 
frequency ventilation it was 112.7+11.3 beats/min, a difference that 


achieves statistical significance. 
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Protocol IIB. Left atrial receptor heart rate reflex with variable 


slowly adapting receptor discharge frequences (during high frequency 


oscillatory ventilation) 

In five dogs when the recording commenced, the mean heart rate, 
systemic blood pressure, left atrial pressure and airway pressures 
were 68.2+6.6 beats/min, 110.8+9.7 mm Hg, 10.0+1.0 cm water and 4.645 
cm water respectively. The inferior vena caval pressure was measured 
in 3 dogs at 9.0+1.0 cm water. The arterial pH, PCO., PO» were 
7.3740.02, 35.6+2.7 mm Hg and 178.3442.7 mm Hg respectively. 

In these animals the stimulation sequence described previously 
was repeated eight times. Thus a total of 24 stimulations during 
intermittent positive ventilation and eight sequences of varied 
parameters during high frequency oscillatory ventilation were 
completed. The heart rate increases (Table 2) with oscillatory tidal 
volume held constant and oscillatory frequency varied to 8, 16 and 25 
HZ in turn were 16.0+1.7, 20.0+3.3 and 18.64+2.9 beats/minute 
respectively. The heart rate increases with oscillatory frequency 
held constant and oscillatory tidal volume varied to 2.5, 5.0 and 7.5 
ml/kg in turn were 14.043.8, 17.6+3.3 and 19.34+2.5 beats/min. (Figure 
20). Taken individually all these increases are significant, however, 
there is no statistically significant difference between’ the 
responses. The heart rate increases during intermittent positive 
pressure ventilation during inital control, mid protocol and final 
control were 20.04+3.5, 15.5+1.8, and 15.3+4.1 beats/min. There is no 


Significant difference between the responses. 
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There was no significant difference in arterial blood pressure, 
left atrial pressure and inferior vena caval pressure measured at 
different volumes, frequencies and with or without’ stimulation. 
Although at any given setting the mean airway pressure did not vary 
with stimulation, there was a statistically significant increase in 
mean airway presure with increases either in oscillatory tidal volume 
or oscillatory frequency. The oscillatory volume in this protocol was 
5 ml/kg, hence the mean airway pressure tended to be lower than in the 
first section where the oscillatory tidal volume was 7.5 ml/kg (Table 
3). As in protocol IIA, the control heart rates were significantly 
higher during high frequency oscillatory ventilation, there was no 
significant difference between the heart rates at the various high 
frequency oscillator settings. 

Arterial blood gases were taken at the various high frequency 
respirator settings. However, in the initial five sequences they were 
not taken at every setting. There was no statistical significance 
between the settings, however, a trend to a lower pH and higher PCO. 


was evident at lower settings of oscillatory tidal volume (Table 4). 
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Protocol II C. Left atrial receptor heart rate reflex with graded 


left atrial receptor stimulation during intermittent positive pressure 


ventilation and high frequency ocillatory ventilation. 


In five dogs when the recording commenced, the mean heart rate, 
systemic blood pressure, airway pressure and left atrial pressure were 


71.6+8.5 beats/min, 132.0+5.1 mm Hg and 2.8+0.4 cm water, and 9.9+1.5 
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cm water respectively. The arterial pH, PCO» and PO» were 7.39+.01, 
32.7+3.4, mm Hg and 202.5+14.5 mm Hg respectively. 

In ten runs of the stimulation sequence, during intermittent 
positive pressure ventilation, for three, two, and then one balloon, 
the heart rate increases were 29.846.0, 22.445.9 and 10.0+2.5 
beats/min; the corresponding values during high frequency oscillatory 
ventilation (5 runs) were 25.94+7.1, 18.144.9, and 9.6+4.1 beats/min 
(Figure 21). If for the runs during intermittent positive pressure 
ventilation the initial and final control are averaged the values are 
29.848.0, 22.448.3, and 10.0+3.3 beats/min; the mean values and 
significance were similar to those of the previous method of 
calculation. During both modes of ventilation there was a graded 
difference between the various levels of stimulation, however, a 
statistically significant increase was present only between one 
balloon and any other combination. There was no difference between 
the reflex response with either mode of ventilation. 

Control heart rates for three, two and one balloon stimulations 
during intermittent positive presure and high frequency oscillatory 
Ventidaciones were: 9190 ./t5 22a) 91.945 .4.5.,.88./14 Ia sande .09.6+9).2). 
112.4+8.5, 118.4+10.7 beats/min. Although a marked trend was present, 
there was no statistical increase in control heart rate during high 
frequency ventilation. Evaluation of the other parameters, blood 
pressure, and mean airway pressure showed no significant differences 
with any control values compared to stimulation, different levels of 
left atrial stimulation and finally, no significant differences 


between modes of ventilation. Left atrial pressure and mean airway 
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pressure tended to be higher during intermittent positive pressure 
ventilation but these did not achieve statistical significance 


(Table 5). 


Protocol II D. Left atrial receptor renal reflex during intermittent 


positive pressure and high frequency oscillatory ventilation . 


Alternate animals were studied first during’ intermittent 
positive pressure or high frequency oscillatory ventilation. 

In six dogs when the recordings commenced the mean heart rate, 
systemic blood pressure, left atrial pressure and mean airway pressure 
for three animals started on intermittent positive pressure and three 
animals started on high frequency ventilation were 105.3411.5 
beats/min, 109.345.9 mm Hg, 8.741.0 cm water 3.31+0.3 cm water and 
tZ0 725-0 (beats/min, 112-52) 000mm) HO,9'o.52t0.9. cm ‘water 2./+0.7 cm 
water respectively. The arterial pH, PCO5, and PO» were 7.39+40.01, 
38.8+2.5 mm Hg and 180.0+11.9 mm Hg respectively. 

In these animals the stimulation sequence described previously 
was repeated a total of nine times during each mode of ventilation 
(Figures 22,23). The urine flow increased by a mean value of 7.3+2.0 
ml/10 min segment during intermittent positive pressure ventilation 
and by a mean value of 6.5+1.4 ml/10 min segment during high frequency 
oscillatory ventilation. Taken individually, both of these changes 
are significant but no’ significant difference exists between them 


(Figure 24). 
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The total urinary sodium excretion increased by .88+.17 mEq/10 
min segment during intermittent positive pressure ventilation and by 
974.24 mEq/ 10 min segment during high frequency oscillatory 
ventilation. Urine osmolality decreased by 251455 mOsm/kg during 
intermittent positive pressure ventilation and by 259446 mOsm/kg 
during high frequency oscillatory ventilation. Statistical 
significance for total urinary sodium and osmolality were as for urine 
flow. The urine sodium concentration decreased by 19.0+23.2 mEq/L 
during intermittent positive pressure ventilation and by 33.14+18.5 
mEq/L during high frequency oscillatory ventilation, these changes 
were not significant (Table 6). The mean airway pressures during 
intermittent positive pressure and high frequency’ oscillatory 
ventilation were 3.140.2 and 2.7+0.4 cm water respectively (not 


significantly different). 


Erovocols lil: Isolated Carotid Sinus Reflex Heart Rate Response 


During Intermittent Positive Pressure and High Frequency Oscillatory 


Ventilation. 


In five dogs when the recording commenced the mean heart rate, 
systemic blood pressure, and airway’ pressure were 109.3+23.2 
beats/min, 118.8+2.5 mm Hg and 3.7+0.3 cm water respectively. The 
arterial pH, pCO, and p05 were 7.3740.02, 33.9+2.0 mm Hg and 
270.4+22.1 mm Hg respectively. 

In these animals the sequence of altering the isolated carotid 


SinuS pressure was repeated once in each animal; the heart rate 
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responses as a function of the pressure changes in the vascularly 
isolated carotid sinus were individually calculated for both modes of 
ventilation (Figure 25). The average percent heart rate changes per 
mm Hg change in carotid sinus pressure (range 84-224 mm Hg) during 
intermittent positive pressure ventilation was -1.06+0.09 and during 
high frequency oscillatory ventilation was -1.10+0.09. No significant 
difference was present (Figure 26). During high frequency ventilation 
the curve describing the relationship between carotid sinus pressure 
and heart rate was significantly shifted to the right. 

Evaluation of systemic blood pressure and mean airway pressure 
Showed no significant difference between the various carotid sinus 


pressure settings nor the two modes of ventilation (Table 7). 
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DISCUSSION 


The results of the current study can be summed up under three 
headings, each corresponding to one of the protocols of the study: (1) 
determinants of stretch receptor discharge frequency during high 
frequency oscillatory ventilation (2) heart rate and renal response to 
stimulation of left atrial receptors during high frequency oscillatory 
ventilation and (3) heart rate response due to vascularly isolated 
carotid sinus pressure changes during high frequency oscillatory 
ventilation. In each of protocols two and three, high frequency 
oscillatory ventilation was the technique used to alter the discharge 
from the slowly adapting pulmonary stretch receptors in a quantitative 
and in a qualitative fashion (during variation in the ventilatory 
parameters of high frequency oscillatory ventilation as shown in 
protocol one). The effects of these changes in discharge were 
evaluated with respect to two well defined cardiovascular reflexes: 
(defined by the location of the afferent organs) the left atrial 
receptor reflex and the carotid sinus” reflex. These were 
representative of the intracardiac (low pressure) and extra cardiac 


(vessel, high pressure) reflexes. 


Brotocoly «kv. Determinants of Slowly Adapting Stretch Receptor 
Discharge Frequency During High Frequency Oscillatory Ventilation. 

This protocol was divided into three subsections. It had been 
previously reported that during high frequency ventilation’ the 


discharge from the slowly adapting stretch receptors, which is 
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cyclical during intermittent positive pressure ventilation becomes 


continuous (169-170) , 


Further, it had been shown that during high 
frequency oscillatory ventilation the ventilatory efficacy’ is 
determined by oscillatory frequency, oscillatory tidal volume, bias 
flow and airway pressure(170) , In the current study where bias flow 
was fixed due to the nature of the respiratory circuit, variation in 
the other three parameters influenced the frequencies of discharge 
from the slowly adapting stretch receptors. In protocol IA 
oscillatory tidal volume, oscillatory frequency and mean airway were 
each altered in turn and the other variables were allowed to vary 
freely. Increases in any of the ventilatory parameters caused an 
increase in the frequency of discharge from the slowly adapting 
Stretch receptors, however, due to the specific characteristics of the 
high frequency ventilatory circuit employed, primary changes in a 
given parameter resulted in secondary changes in the other parameters, 
i.e. primary increases in both oscillatory tidal volume = and 
oscillatory frequency both increased mean airway pressure, and 
increases in oscillatory tidal volume decreased the oscillatory 
frequency. It is possible that these inter-relations were 
idiosyncrasies of the high frequency respiratory circuit used, 
however, they do indicate that changes in a single ventilator 
parameter will significantly alter the discharge frequency from the 
Slowly adapting stretch receptors in a predictable fashion. Since, 
the same ventilatory circuit was used throughout the study, this would 
hold true for all protocols. 


In this, as in all subsequent protocols, no attempt was made to 


Pa Ne UTS, Uw bey 
ten ve ot ae 7 Hf 


el apie lial tad 


° bre uence aus 


“eb meen qonaupent 


ie ll 


wy rs 


7 o pat tod woe 


‘page| ound or wii ate ott itn i 9 E } a ‘ Wy v4 pAb hee A ii - . 
ant yomulon, fet: nanpov? seroma fitago ied | béatary 


eh natsereey thins) 
pprgddetb. To soi 
Al fqn ong ae | 
Pre ald) qe, wine om % 
rian . bawol ly wan eahteln vo 
ne eeu. arated ye | 
entsaele efauta att inde . : 
wit te tothgtacroenate, area | 
eth: eggbit event a olan 
anateneyid nota. ed es 


bao: om! oy false t 


data fae es. 
tee ‘aneate2s-v6onh weet ery: 
bere’ Stusata wt ise wogeti 


wonantsosy ofenia. & 3 


vant: reese +4 Ae 
bane Ki ab 


Uae 


15 


quantify changes in volume or the flow within the airways during high 
frequency oscillatory ventilation. Thus, at the level of the receptor 
the amount of local stretch of the tissue, which would be directly 
related to the transpulmonary pressure and hence the lung volume, was 
not known. The difficulties associated with quantification of this 
volume or flow have been mentioned in the Introduction with respect to 
intra lung volume shifts and the frequency response required for 
measuring instruments operative at these frequencies. With the high 
frequency ventilator used in this study, strobe light examination of 
the ventilator diaphragm showed a significant deformation during high 
frequencies. The the values given for oscillatory tidal volume were 
those that were determined by the manufacturer, (Metrex Inc.) for the 
volumes delivered at zero load (i.e zero mean airway presure) by a 
very slow manual movement of the eccentric cam mechanism. There can 
be no assurance that this volume remained the same at higher 
oscillatory frequencies, or airway pressure settings. This primary 
parameter setting was referred to as the oscillatory tidal volume. In 
addition to the above observations, it has been reported by other 
investigators with open circuits similar to the one employed in this 
study in that during high frequency ventilation the volume oscillated 
by the pump is not the volume oscillalted at the level of the airways 
since a variable proportion of this gas volume is lost down the bias 
flow tubing! 167), This is dependent on endotracheal tube size, airway 
resistance and numerous other factors. This problem may be partially 
remedied by regulating gas flow in the exhaust tube by the application 


of an exhaust vacuum and exhaust gas flow gauge (149), However, even 
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if the volume of the gas oscillated at the external end of the 
endotracheal tube is known, the volume changes at the level of the 
Slowly adapting stretch receptors, which may be affected by 
intrapulmonary gas flows, are unknown. Therefore any meaningful 
evaluation of the volume stimulus to the pulmonary stretch receptors 
must await further development in technology. (Ventilatory volume 
determinations for the other two modes of high frequency ventilation 
are equally difficult in that both use a narrow gas stream without a 
sealed endotracheal tube, thus gas additional to that in the stream 
may be brought into the lungs by the Venturi principle). In addition 
to the problems with frequency response mentioned above, the 
transducer available (Gould-Statham P23db) was intended for the 
measurement of blood pressure in a fluid filled system, hence with 
respect to airway pressure only the mean value was reported and the 
oscillations in pressure during high frequency ventilation were not 
commented on; a decrease in the frequency response of this system as 
compared to a fluid filled system would be expected. 

The re-analysis of the data from protocol IA by an analysis of 
co-variance to statistically compensate for the multiple concurrent 
secondary changes with changes in the primary parameter (especially 
mean airway pressure changes with any other parameter change) did not 
Show a conclusion different from the initial analysis. The analysis 
of co-variance was used in this instance as the best available test; 
Strictly taken it could not be applied here since all the secondary 
changes occurred due to the same factor as that which caused the 


primary changes, hence they were not independent. 
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The non parametric tests, applied since the spread of the 
frequencies of stretch receptor discharges was so large; gave the same 
result as the parametric tests supporting that result. 

In protocol IB the settings on the oscillatory ventilator were 
adjusted so that only the parameter of interest was allowed to change 
(except for oscillatory tidal volume, for which the pump setting was 
kept unchanged). Only oscillatory frequency and mean airway pressure 
had independent effects on the frequencies of discharge from the 
Slowly adapting stretch receptors. This would suggest that the effect 
of changes in the oscillatory tidal volume on the frequencies of 
discharge from the slowly adapting pulmonary stretch receptors, in 
protocol IA, was via the concurrent changes in mean airway pressure 
and oscillatory frequency (probably the former since with the later 
the effect expected would be the opposite to that seen). 

In protocol IC these two significant variables from protocol IB 
were investigated to determine the nature of any interaction between 
them. The oscillatory tidal volume pump setting was fixed. Not only 
did each of these variables have an independent effect on the 
frequencies of discharge from the slowly adapting receptors, but also 
the effect of each variable was greatest at the lowest value of the 
other. Overall, it was determined that in the experimental 
preparation used single increases of any of: oscillatory tidal volume, 
oscillatory frequency or airway pressure would increase the frequency 
of discharge from the slowly adapting pulmonary receptors but only the 
changes in airway pressure and oscillatory frequency were independent 


of changes in other parameters. 
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In protocol I, with the exception of five animals in protocol IA, 
the animals were anesthetized with pentobarbital sodium. In protocols 
II and III, and for the five animals in protocol I, chloralose was 
used. It is usual in experiments involving measurements of action 
potential frequency to use pentobarbital sodium, induction and 
maintenance are simplified and no metabolic acidocis or persistant 
acid-base abnormality due to the anesthesic agent occurs as with 
chloralose! 39) , The cardiovascular parameters of heart rate and blood 
presure are both elevated during pentobarbital anesthesia (making it 
unsuitable for the study of cardiovascular reflexes which may be 
altered at grossly abnormal resting cardiovascular parameters) and 
some evidence exists for lack of response to left atrial receptor 


Stimulation during pentobarbital anesthesia(!74), 


In protocol IA the 
frequency of action potential discharge from the slowly adapting 
stretch receptors tended to be higher during pentobarbital sodium 
administration, however, the responses with both anesthetics were 
Stastically similar and are thus grouped together in this analysis 
Since it is the trend of changes, rather than the actual numeric value 
(which varies greatly due to receptor location and subtype) that is 
important. 

The suppressive effect of airway CO) on the intrathoracic stretch 
receptors is well described, the same suppressive effect may not hold 
for extrathoracic receptors. In all protocols arterial blood gases 
were periodically checked to monitor arterial PC05, no attempt at 
monitoring airway PCO was made. Since bias flow was fixed and the 


rate of removal of CO» via the bias flow may be taken as constant at a 
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given setting, it may be assumed that the arterial PCO. reflected the 
highest alveolar value in the presumed gradient from the alveoli to 
the site of removal (the bias flow). In the protocols where the 
ventilator parameters were altered, IA, IB, IC, and IIB this arterial 
blood gas analysis would be of special importance. In protocol IIB 
where repeated measurements were taken, no statistically significant 
differences were present between the level of PCO. at the various 
settings although at lower oscillatory tidal volumes a trend to a 
respiratory acidocis was. present. A significant change in the 
discharge frequency of the pulmonary slowly adapting stretch receptors 
was absent during oscillatory tidal volume changes suggesting that 
either the PCO, changes were not significant at the level of the 
alveoli or that if changes occurred (the changes in arterial PCO» were 
such that changes of a similar magnitude in the alveoli may be 
expected to change the receptor discharge) they were opposite to the 
oscillatory volume changes and hence compensated for them, this seems 
less likely at small oscillatory tidal volumes where with PCO» 
retention, the changes would be expected to be additive. This would 
make the first alternative more attractive. 

In this study, since the purpose of evaluating the discharge 
frequency for lung receptors during high frequency ventilation was to 
use this information in a study of heart-lung interactions during 
physiological spontaneous respiration, only the slowly adapting 
Stretch receptors were studied. These were defined by their discharge 
characteristics during intermittent positive pressure ventilation. 


The effect, if any on the other pulmonary receptors, myelinated and 


) Lari ; a 
: P| a, ay 
er Sy a 
ey | os) "4 ed “7 
a 7 4 i aol uM - u 
i it 


at aelct thial #10 oto on 


| i HY, 
bhiet V6: avrit Gis bins aad 


yt 


ee [ root org 4 ne 
anor tre ta xtfes sein ina a sli ‘ m we " Nia “3 
orn a iets ail agaided shneen, ew geome hth) 
eo treed & weal italy ebeatttons oul oe steuott ann tt face 


‘ f Tag mo OG i : 
(> we. TOT: | ne 4h a nite i” sender 0H ataabtad ‘onsen ‘ ue 
al mi Le : 
ateandy radawe 4p és twine "g pene Tua shy So. asren upon oer rtoet : 


porn vei auton M Tabs, dose it axe ent bib snnede 


34) en ae ei a 5 | 
bang cue Toye S wall 
"kh set gat 96. °3Re oh i ba. 3 jin S10 AONSHT “QII4 oft , 
arte oO hetewe cine ‘ sii | ‘roped vt Font nd ‘Seat 
f yet Tae vf a sat ry a ; ‘iad sie J = . ‘to ae pratts ghia flat 


“ghd oh SF bsaaln bet INE bay Taiatiene Acetiqunas oa ‘obnita oy bstanand 
ee ee bee oa peat, ania Low squat 


: OV | uate 4 J r' ' : ¢ aa i ‘@. 
Pit ea eee. OME 2 a 
wot  RETe. Bs gow Bic ie - “ae % HAS ou 10 ee | Re ; 


by | one ata? nha ie ay byrne rr me ony abenada vatt atin 
| | is aires aah miata 3 a 


f - 
hy Si 


apsites oD 4 bis on ite ay! Thapenis atte neti 
nee "of . Pit! 
‘‘ ger ho a54 btw YS conn 


4 


ive: é cy ate, 


ft oydh? ane a el 
on i i aie 


fi patra oe Mt ae 144 Ad 


‘ Borage fie " 


anne th mu ait” « «dee ( 
| m - dae 


oa 


80 


unmyelinated during this mode of ventilation is not known. Studies 
into the effects of high frequency ventilation on damaged lungs or on 
lung function have not shown any deleterious effects which could 
predispose to activation of the other receptors. Airway pressure was 
kept within the range of the slowly adapting receptors. 

In speculating on the findings from protocol I it is likely that 
in the case of increases in receptor discharge with increases in mean 
airway presure the static component of receptor discharge increased. 
In the case of oscillatory frequency the dynamic component of receptor 
discharge may have been more important in determining the overall 
activity, however, an element of air trapping could have increased the 
static component. No attempt was made to differentiate between these 
two possible influences. The absence of flow and volume measurements 
makes speculation on the lack of effect due to changes in oscillatory 
tidal volume more difficult. It is possible that no changes in 
oscillatory tidal volume occurred at the level of the airways or that 
the dynamic and static components changed in such fashion that they 
compensated for their respective influences. 

In summary, protocol I indicated that high frequency oscillatory 
ventilation altered the dischage from pulmonary stretch receptors, at 
the level of the cervical vagal nerve, in a predictable fashion. An 


interaction between the pump parameters was also discovered. 
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Protocol II. Stimulation of Left Atrial Receptors During Intermittent 


Positive Pressure and High Frequency Oscillatory Ventilation. 


Having confirmed in protocol I that qualitative changes occurred 
during high frequency ventilation in the discharge frequency from 
slowly adapting stretch receptors and having demonstrated that 
quantitative changes in this discharge could be brought about by 
altering the parametrs of gas exchange during high frequency 
ventilation, protocol II was undertaken to evaluate the effect of this 
altered discharge (qualitatively and quantitatively) on the left 
atrial receptor low pressure cardiovascular reflex. Four sets of 
experiments were done, the first three investigated the reflex 
tachycardia while the last investigated the renal response. 

In the first set, protocol IIA, it was ascertained that the 
reflex tachycardia that is well described during intermittent positive 
pressure ventilation with left atrial receptor stimulation is present 
during high frequency oscillatory ventilation and that it is abolished 
by the same procedure; sectioning of the ansa subclaviae; the efferent 
limb of the reflex; as during intermittent positive pressure 
ventilation. During both modes of ventilation there was a significant 
rise in left atrial pressure during the stimulations. The mean 
increase with intermittent positive pressure ventilation was 1.0 while 
that with frequency ventilation was 1.9 cm of water. There was no 
associated fall in mean systemic blood pressure, nor did the rises in 
heart rate correlate with the heart rate response. It is unlikely 


that the increase in heart rate could be due, therefore, to a systemic 
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hypotension secondary to left ventricular inflow obstruction. The 
systemic blood pressure and airway presure were similar during both 
modes of ventilation, however, the resting heart rate during high 
frequency ventilation was significantly higher than during 
intermittent positive pressure ventilation. This change in resting 
heart rate in the absence of baroreceptor activation suggests a higher 
resting sympathetic stimulation (or alternatively and less likely, a 
lesser parasympathetic stimulation of the heart). The mechanism of 
such an altered baseline status is unclear but will be discussed 
later. Although the reflex tachycardia due to left atrial receptor 
stimulation may not be equivalent at all resting heart rates, since 
the goal of this protocol was simply to evaluate the peristance of 
this reflex during high frequency ventilation this resting difference 
is irrelevant. 

Following ansal sectioning a significant elevation of left atrial 
pressure was present during high frequency ventilation. This may 
represent onset of relative left ventricular dysfunction secondary to 
loss of inotropic sympathetic stimulation of the left ventricle during 
a period when there are changes in sympathetic tone elsewhere (as 
manifested by altered resting heart rate). However, since there was 
no reflex heart rate response there is no special significance to this 
observation except to suggest a hemodynamically significant alteration 
in sympathetic tone during high frequency oscillatory ventilation. 

In protocol IIB it was demonstrated that changing the slowly 
adapting stretch receptor activity either by increasing’ the 


oscillatory tidal volume or oscillatory frequency did = not 
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significantly alter the reflex tachycardia due to left atrial receptor 
stimulation. The range of oscillatory tidal volumes and frequencies 
was selected on the basis of the previous work, and the mean 
oscillatory tidal volume setting was 5 ml/kg as compared to 7.5 ml/kg 
in: “protocol Tis This resulted in lower mean airway pressures. 
Although the range of ventilator settings was determined on the basis 
of the maintenance of adequate gas exchange a mild acidocis occurrred 
at an oscillatory volume of 2.5 ml/kg and it is possible that the 
mildly reduced increase in heart rate at this setting could be a 
consequence (not a statistically significant reduction). 

Left atrial pressures were higher in this series than in protocol 
IIA, it is possible that with the lower airway pressures there was 
less of an obstruction to venous return and hence better cardiac 
filling as compared to protocol l11A, alternatively it is possible the 
animals were better hydrated. There was no significant difference in 
the inferior vena caval pressure, in the three dogs in which this was 
studied, between the two modes of ventilation. As in protocol IIA 
there was a significant heart rate increase with the commencement of 
high frequency ventilation, however, once on this mode of ventilation 
the control heart rates and the responses to stimualtion were 
Statistically equal. As expected from protocol IA airway presure 
increased during increases of either oscillatory tidal volume or 
oscillatory frequency. 

In protocol IIC it was shown that, as had been previously 
demonstrated during intermittent positive pressure ventilation, 


increasing the amount of left atrial receptor stimulation by 
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increasing the number of left atrial sites stimulated would result in 
an increase in the reflex tachycardia. Again, the heart rates, during 
the control periods on intermittent positive pressure ventilation were 
lower than for similar periods during high frequency ventilation. 

In the final section of the protocol, IID, it was demonstrated 
that the renal response to left atrial receptor stimulation consisting 
of a hyposmolar diuresis and naturiesis that is described during 
intermittent positive pressure ventilation was preserved during high 
frequency oscillatory ventilation. Again, a non. statistically 
significant increase in the control heart rate during high frequency 


ventilation was present. 


Protocol II: Isolated Carotid Sinus Reflex Heart Rate Response 


During Intermittent Positive Pressure and High Frequency Oscillatory 


Ventilation. 


The third protocol investigated the effect of a qualitative 
change in the discharge from slowly adapting stretch receptors (that 
from cyclical to continuous) on the reflex heart rate response due to 
pressure changes within a vascularly isolated carotid sinus with the 
Systemic pressure and hence the aortic baroreceptor stimulation 
fixed. It was found that the percent heart rate change per mm Hg 
carotid sinus pressure change was unaltered during high frequency 
ventilation compared to intermittent positive pressure ventilation. 
The curves defining this relationship, however, were not identical in 


that during high frequency ventilation the curve was shifted to the 
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right indicating a higher carotid sinus threshold. This relationship 
persisted throughout the range of carotid sinus pressures studied and 
may again be a manifestation of an increased sympathetic tone during 
high frequency ventilation either via a direct mechanism on the 
carotid sinus receptors or by a change in the properties of the 


carotid sinus wall musclature. 


Conclusion 

It can be concluded that: (1) during high frequency ventilation 
the discharge of the slowly adapting stretch receptors is not only 
altered qualitatively (becoming continuous rather then cyclical) but 
also may be altered quantitatively by altering the parameters of gas 
exchange during high frequency oscillatory ventilation (2) the 
altered stretch receptor discharge does not interfere with the 
functional integrity of the left atrial receptor reflex (in an open 
chest preparation) nor the carotid sinus baroreceptor reflex. 

Through the course of the experiment control heart rates taken 
during high frequency ventilation were higher than those during 
intermitent positive pressure ventilation. There was no difference in 
control heart rates at different high frequency parameter settings 
(Table 2) Reports from other studies of high frequency ventilation 
have not commented on this(155,158,159) | In addition, in protocol IIA 
following efferent denervation by sectioning of the ansa subclaviae 
and removing the inotropic stimulus to ventricular function appeared 
to bring about relative left ventricular dysfunction during high 


frequency but not during conventional ventilation. In protocol III a 
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higher carotid sinus threshold and curve of operation was found 
suggesting that a decreased parasympathetic tone was not the likely 
mechanism. These findings taken together indicate a higher control 
sympathetic tone during high frequency ventilation; this may be due to 
obstruction to venous return since during this mode of ventilation 
airway pressure is positive and unchanging. However, in protocol IIB, 
where in three animals the inferior vena caval presure was measured, 
no evidence for such a hypothesis was found. It is possible that in a 
larger sample, evidence of caval obstruction could be found. Other 
mechanisms, perhaps even the altered pulmonary stretch receptor 
discharge (which at any mean airway presure is increased during high 
frequency ventilation) (170) increases the resting sympathetic tone. 
Previous work (124) has shown significant augmentation of sympathetic 
fiber discharge during central respiratory center discharge, i.e. 
during phrenic nerve discharges (in a cat model with cut vagi) and 
more recently it has been suggested that pulmonary afferent activity 
influences this central respiratory modulation of sympathetic 


discharge (125), 


In this latter work, however lung inflation decreased 
sympathetic discharge. In the current work, respiratory center 
activity was not monitored, however, it is known that with high 
frequency oscillatory ventilation phrenic activity (170) and perhaps 
respiratory center activity is suppressed. The effect of pulmonary 
afferents may be greater in this setting. In spite of the fact that 
the two experiments (124,125) above do not seem to be in agreement on 


the timing of changes in sympathetic discharge, it may be speculated 


that if the cardiovascular sympathetic outflow increases (i.e. 
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inspiratory increase in heart rate with sinus tachycardia) with lung 
distension; then during high frequency ventilation this may cause a 
chronic increase in sympathetic tone. Since evaluation of this 
phenomenon was not the aim of the experiments, no _ definite 
conclusions, as its etiology, can be drawn from the results obtained. 
The aim of this study was to determine the effect of altered 
Slowly adapting stretch receptor discharge during high frequency 
ventilation on cardiovascular reflexes; the possibility of other 
receptor activation and subsequent interactions was not directly 
addressed. It is not known if high frequency ventilation alters the 
discharge from left atrial receptors (or other intracardiac receptors 
both atrial and ventricular) or from the carotid sinus (located in 
close proximity to the oscillating trachea), further it is not known 
if the normal function of these receptors requries the respiration 
associated cyclical variation in cardiovascular volumes’ and 
presures. However, since respiratory influences are not the normal 
Stimuli for the cardiovascular receptors it is not likely that the 
change in ventilation directly affects the function of these receptors 
to a significant degree. Incidentally, during high frequency 
oscillatory ventilation, there is no sinus arrhythmia, however, this 
observation does not clarify the mechanism of this phenomenon due to 
the multiple changes with this mode of ventilation. In every 
protocol, it appeared that the resting level of sympathetic tone 
during high frequency ventilation was higher; this could predispose to 
changes in reflex cardiovascular arc function that would tend to 


minimize the direct effects of high frequency ventilation (it is known 
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that the carotid sinus has efferent sympathetic innervation). 

On the respiratory side, as mentioned previously, care was taken 
in protocol I to study only slowly adapting stretch receptors. The 
role of chest wall receptors (80.175) | or chest musclature receptors, 
or of the other lung receptors during high frequency ventilation is 
not known. Rapidly adapting (or irritant or cough) receptors! /6) also 
conduct via myelinated nerves, however, their discharge during control 
periods are irregular, both with respect to the respiratory cycle and 
pattern. Their natural stimulus appears to be either mechanical or 
chemical irritation. As with slowly adapting receptors, their 
activity is inversley related to lung compliance(!76) suggesting that 
transpulmonary pressure is an important factor in regulating their 
discharge. The non-myelinated fibers, divided into either J receptors 
or bronchial C fibers, lack any respiratory modulation in open chest 
artificially ventilated dogs even where the inflating pressure exceeds 
10 cm water (177) | a level not reached as the mean airway presure in 
this study. Sympathetic afferents may exist from the lung, little is 
known with respect to their normal function. It is possible, that one 
or more of these receptors was activated during this non physiological 
mode of respiration, and that the effect of its discharge compensated 
for any changes that would have occurred due to discharge from the 
Slowly adapting stretch receptors. It is also possible that the 
postulated rise in sympathetic tone was due to the stimulation of some 
of these receptors i.e. chest wall musculature receptors may help 
raise sympathetic tone during exercise. 


With respect to the central pathways and connections of these 
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that the carotid sinus has efferent sympathetic innervation). 

On the respiratory side, as mentioned previously, care was taken 
in protocol I to study only slowly adapting stretch receptors. The 
role of chest wall receptors (805175) | or chest musclature receptors, 
or of the other lung receptors during high frequency ventilation is 
not known. Rapidly adapting (or irritant or cough) receptors(/6) also 
conduct via myelinated nerves, however, their discharge during control 
periods are irregular, both with respect to the respiratory cycle and 
pattern. Their natural stimulus appears to be either mechanical or 
chemical irritation. As with slowly adapting receptors, their 
activity is inversley related to lung compliance(!76) suggesting that 
transpulmonary pressure is an important factor in regulating their 
discharge. The non-myelinated fibers, divided into either J receptors 
or bronchial C fibers, lack any respiratory modulation in open chest 
artificially ventilated dogs even where the inflating pressure exceeds 
10 cm water(177) | a level not reached as the mean airway presure in 
this study. Sympathetic afferents may exist from the lung, little is 
known with respect to their normal function. It is possible, that one 
or more of these receptors was activated during this non physiological 
mode of respiration, and that the effect of its discharge compensated 
for any changes that would have occurred due to discharge from the 
Slowly adapting stretch receptors. It is also possible that the 
postulated rise in sympathetic tone was due to the stimulation of some 
of these receptors i.e. chest wall musculature receptors may help 
raise sympathetic tone during exercise. 


With respect to the central pathways and connections of these 
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reflex arcs, no brain stem investigations were done to determine if 
any interaction occurred at a neuronal level or what the medullary 
nerve traffic pattern was. The altered pulmonary discharge during 
high frequency ventilation was documented at the level of the cervical 
vagus, it was assumed that at the site of integration of the 
cardiovascular and pulmonary’ reflexes, after initial neuronal 
processing, no marked alteration had occurred in comparison to the 
cervical vagal nerve traffic. 

Both of the cardiovascular reflexes investigated in this study, 
the low pressure intracardiac left atrial receptors and the high 
pressure vessel carotid sinus baroreceptors, are important in the 
maintainance of cardiovascular homeostasis. When their function 
becomes disordered deficiencies in regulation can exist that may be 
seriously detremental to the animal. In human clinical work high 
frequency oscillatory ventilation has been used for ventilating 
critically ill patients in whom any further instability may not be 
tolerated. Adequate functioning of all reflex mechanisms is required 
in all such patients. The current investigation showed that the 
functional integrity of two specific reflexes was not disturbed by 
high frequency oscillatory ventilation. Moreover, it may be possible 
to extrapolate that since cardiovascular homeostasis was maintained in 
these animals, no net significant effect on cardiac reflex regulation 
was caused by this mode of ventilation. This finding is important in 
the clinical applications of high frequency oscillatory ventilation. 
Clinical studies with this mode of ventilation have also not reported 


Significant cardiovascular pulmonary interactions, as would be 
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expected from the current study. 

It would be incorrect to state that based on the work presented, 
no effect of the respiratory system exists on the cardiovascular 
system within the physiological range of each system. Current 
evidence strongly suggests altered sympathetic tone during high 
frequency oscillatory ventilation, this effect may not be due to 
mechanical obstruction to venous return but to central events; the 
abolition of sinus arrhythmia during high frequency oscillatory 
ventilation does not provide an explanation for the occurrence but 
Suggests that high frequency ventilation interferes at some site in 
the genesis of this phenomenon. 

Only two reflexes out of a great number of cardiovascular 
reflexes were evaluated. Not all reflexes are equally susceptible in 
the same fashion to other influences, i.e. in studies during 
intermittent positive pressure the blood presure response to changes 
in isolated carotid sinus pressure was modified but little change was 
noted in the heart rate response! 178) , It is entirely possible that 
an effect of altered discharge from pulmonary stretch receptors exists 
for other reflex arcs, or different aspects of the reflex arcs studied 


in this work. 
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FIGURE 2 VAGAL NERVE RECORDING PREPARATION: A section of desheathed 
cervical vagus nerve is shown. Recordings were taken from afferent 
nerve fibers from slowly adapting stretch receptors (identified by the 
typical discharge pattern during intermittent positive pressure ven- 


tilation of single unit fibers.). 


siielt 's9 Aaabs Got 


7) AM Ve 


aneeh Lhe 


=e nr 


We, 


94 


FIGURE 3 LEFT ATRIAL RECEPTOR STIMULATION (HEART RATE RESPONSE) 
PREPARATION: The heart is illustrated; (LV) left ventricle, (LA) 
left atrium, (SVC) superior vena cava, (AQ) aorta, (IVC) inferior 
vena cava. Small latex balloons were placed at each of the left 
upper and left middle pulmonary vein-atrial junctions and a larger 
balloon was inserted into the left atrial appendage. Pressures were 
measured in the left atrium, aorta, and in protocol 11B in some 
animals in the inferior vena cava. Distension of the balloons 


Stimulated the left atrial receptors. 
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LAP 


FIGURE 4 LEFT ATRIAL RECEPTOR STIMULATION (RENAL RESPONSE) PRE- 
PARATION: Abbreviations as in Figure 3; (LAP) left atrial pressure. 

A single large latex balloon was inserted into the left atrium to 
obstruct the mitral valve while inflated. The ureters were cannulated 


to collect urinary output over ten minute intervals. Inflation of 


the balloon caused a stimulation of left atrial receptors. 
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FIGURE 5 CAROTID SINUS STIMULATION PREPARATION: Abbreviations: 
(CSP) carotid, sinus pressure, (1..C. )? internalecarotid; (E.G. 
external carotid, (0. A. ) occipital artery, (C. C. ) common ca- 
rotid, (BP) systemic blood pressure, (C1) container number one, 
(C2) container number 2, (C3) container number three, (P1) pump 
number one, (P2) pump number two. The carotid sinuses were vas- 
cularly isolated and cannulated with a "u" shaped cannula that 
permitted both pressure monitoring in the carotids and a non- 
pulsatile flow taken from the arterial reservoir (C1) via a roller 
pump (Pl) and then via a pressure dampening chamber (C3) to be 
infused. The left femoral artery was connected to the arterial 
reservoir (C1), which had a water heater to maintain the blood 
temperature, and in which a constant air pressure was maintained 
by means of a balance between an inflow of pressurized air and a 
leak of this air via an adjustable valve. Fluid from a third 
chamber (C2) was returned to the arterial chamber (C1) by the 
same roller pump (P1) to replace fluid infused into the carotids. 


Systemic blood pressure was measured. 


FIGURE 5 CAROTID SINUS STIMULATION PREPARATION 
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FIGURE 6 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE RECORDINGS 
DURING VARIATION IN OSCILLATORY TIDAL VOLUME: Abbreviations: 
(Act. Pot. ) action potentials recorded in the cervical vagus 
from slowly adapting pulmonary stretch receptors, (Paw) mean 
airway pressure, (0. T. V. ) oscillatory tidal volume, (0. F. ) 
oscillatory frequency, (B. F. ) bias flow, (V. ) tidal volume, 

(F. ) respiratory frequency. Five panels are shown, in each the 
upper half shows the single fiber afferent nerve action potentials 
recorded from myelinated cervical vagal nerve fibers and the lower 
tracing shows airway pressure. The first and fifth recordings are 
during intermittent positive pressure ventilation; the middle 
three are during high frequency oscillatory ventilation, the first 
with an oscillatory tidal volume of 2.5 ml/kg, the second wiht 5.0 
ml/kg, the third with 7.5 ml/kg. The pump oscillatory frequency 
was set at 16 Hz but varied with the oscillatory tidal volume. 
Airway pressure was noted to increase with oscillatory tidal vo- 
lume. Bias flow was fixed. The qualitative change in action 
potential discharge from intermittent to constant is evident as 

is the qualitative increase in action potential frequency with 
increasing oscillatory tidal volume. In the panels recorded during 
high frequency oscillatory ventilation the airway pressure is 


initially shown as phasic and then electronically meaned, 
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FIGURE 6 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE RECORDINGS 
DURING VARIATION IN OSCILLATORY TIDAL VOLUME 
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FIGURE 7 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 
DURING VARIATION IN OSCILLATORY TIDAL VOLUME: Abbreviations as 
in Figure 6. Abcissa: oscillatory tidal volume (ml/kg), Ordinate: 
frequency of discharges from the slowly adapting stretch receptors 
in action potentials recorded from the cervical vagus (Hz). Under 
the abcissa are concurrent changes in oscillatory frequency (Hz) 
and airway pressure (cm water) at each setting of the oscillatory 
tidal volume. Statistical significance (p<0.05) is indicated by 
the stars ( * ); in the data for oscillatory tidal volume and 
oscillatory frequency it is given with respect to the mid value, 
in the case of airway pressure it is as indicated. The stretch 
receptor discharge was different from the mid setting at both 

high and low oscillatory tidal volume settings, however, the 
oscillatory frequency was also different at these settings. The 
airway pressure was different between the lowest and any other 


setting of the oscillatory tidal volume. 
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FIGURE 7 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 


DURING VARIATION IN OSCILLATORY TIDAL VOLUME 
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FIGURE 8 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE RECORDINGS 
DURING VARIATION IN OSCILLATORY FREQUENCY: Abbreviations and 
arrangement are as in Figure 6. A similar increase in action 
potential frequency with increased oscillatory frequency from 
8 to 18 to 28 Hz was present. Airway pressure increased with 
increasing oscillatory frequency. Bias flow was fixed. Oscil- 


latory tidal volume was at a fixed ventilator setting. 
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FIGURE 9 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 
DURING VARIATION IN OSCILLATORY TIDAL VOLUME: Arrangement similar 

to Figure 7. The stretch receptor discharge frequency was different 
at both high and low oscillatory frequency settings as compared 

with control, however, so was the airway pressure. The oscillatory 


tidal volume pump setting was fixed as was the bias flow. 
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FIGURE 10 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE RECORDINGS 
DURING VARIATION IN MEAN AIRWAY PRESSURES: Abbreviations and ar- 
rangement are similar to Figure 6. A similar quantitative increase 
in action potential frequency with increased airway pressure from 

3 to 6 to 9 cm water was noted. Oscillatory frequency was unchanged 


and bias flow and the pump setting of oscillatory tidal volume were 


fixed. 
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FIGURE 11 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 
DURING VARIATION IN MEAN AIRWAY PRESSURE: Arrangement is similar 
to Figure 7. The stretch receptor discharge frequency was different 
at all levels of airway pressure compared with control. There was 
no change in oscillatory frequency. The oscillatory tidal volume 


pump setting was fixed as was the bias flow. 


105 


60 
50 
N 
2 40 . 
” 
om 
< 
- 
z 
30 
@) 
ra 
z 
Oo 
= 
os 
Variation: @ O.T.V. 
@ O-F. 
10 4 Paw 


BIAS FLOW held constant 


3 6 g 
Paw (cm H50) 


FIGURE 12 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 
WITH CONCURRENT VARIATION IN MEAN AIRWAY PRESSURE: Abcissa: mean 
airway pressure (cm water), Ordinate: frequency of discharges from 
the stretch receptors recorded as action potentials in the cervical 
vagus (Hz). Abrreviations as in Figure 6. Changes in any primary 
parameter produced a concurrent increase in airway pressure and a 


Similar increase in stretch receptor discharge. 
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FIGURE 14 SLOWLY ADAPTING STRETCH RECEPTOR DISCHARGE FREQUENCIES 
DURING VARIATION IN MEAN AIRWAY PRESSURE AND OSCILLATORY FREQUENCY: 
Abcissa: mean airway pressure (cm water); Ordinate: frequency of 
discharge from stretch receptors recorded from the cervical vagus 
(Hz). Split plot analysis of the effect of airway pressure and 
oscillatory frequency on the frequency of discharges from slowly 
adapting stretch receptors. Differences were significant between 


all airway pressures and all oscillatory frequencies. 
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FIGURE 17 HEART RATE RESPONSE DURING INTERMITTENT POSITIVE PRESSURE 
AND HIGH FREQUENCY OSCILLATORY VENTILATION WITH LEFT ATRIAL RECEPTOR 
STIMULATION: Abbreviations: (C) control period, (S) stimulation 
period. Abcissa: sequential stimulations during intermittent positive 
pressure and high frequency oscillatory ventilation. Ordinate: heart 
rate (beats/min). The increase in heart rate with each mode of ven- 
tilation was significant, but there was no difference among them. 


The stars (Ye) indicate statistical significance. 
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FIGURE 18 HEART RATE RESPONSE WITH LEFT ATRIAL RECEPTOR STIM- 
ULATION PRE AND POST ANSA SUBCLAVIAE SECTION: Abbreviations as 

in Figure 17. Abcissa: sequential results during intermittent 
positive pressure and high frequency oscillatory yarertiation 

pre and post ansal sectioning; Ordinate: heart rate increase 
during stimulations. Similar resuts were noted during both modes 
of ventilation, the heart rate increase following ansal sectioning 


was not significant. 
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FIGURE 19 HEART RATE INCREASE AND LEFT ATRIAL PRESSURE CHANGE 

WITH LEFT ATRIAL RECEPTOR STIMULATION: Abcissa: change in left 
atrial pressure during left atrial receptor stimulation (cm water); 
Ordinate: heart rate increase (beats/min). Data taken from sequ- 
ences during intermittent positive pressure ventilation. There 

was no correlation between the change in left atrial pressure and 
the heart rate increase. A similar lack of correlation was present 


during high frequency ventilation. 
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FIGURE 20 HEART RATE RESPONSES WITH LEFT ATRIAL RECEPTOR STIM- 
ULATION DURING HIGH FREQUENCY OSCILLATORY VENTIALTION PARAMETER 
VARIATION: Abcissa: sequential changes in oscillatory frequency 

and oscillatory tidal volume; Ordinate: heart rate increases 

during left atrial receptor stimulation. No significant difference 
in heart rate increase was present during changes in either 


oscillatory frequency or oscillatory tidal volume. 
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FIGURE 21 HEART RATE RESPONSES WITH GRADED LEFT ATRIAL RECEPTOR 
STIMULATION: Abcissa: sequential left atrial receptor stimulation 
with one, two and three sites stimulated during intermittent po- 
Sitive pressure ventilation and high frequency oscillatory ven- 
tilation; Ordinate: heart rate increase (beats/min). A signifi- 
cantly greater increase in the heart rate response with either 
two or three sites stimulated, as compared to one site, was 
present with both modes of ventilation. Statistical significance 


is indicated by the stars (ie). 
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FIGURE 22 RENAL RESPONSE DURING INTERMITTENT POSITIVE PRESSURE 
VENTILATION WITH LEFT ATRIAL RECEPTOR STIMULATION: Abbreviations: 
(BP) systemic blood pressure, (LAP) left atrial pressure, (Na) 
sodium, (C) control period, (S) stimulation period. Abcissa: 
experimental sequence of 10 min.intervals, three intervals for the 
initial control, three during stimulation, and four post stimula- 
tion. For data analysis the first three and and last three were 
taken as the initial and final contol, the last two intervals 
during stimulation and the first post was taken as stimulation. 
Ordinate: six panels are shown for heart rate (beats/min), blood 
pressure (mm Hg), left atrial pressure (cm water), urine flow 
(m1/ 10 min segment), osmolarity (mOsm/kg) and urine sodium 
(mEq/L). During the stimulation period a rise in heart rate, left 
atrial pressure, urine flow and urine sodium were present, with 


a drop in osmolarity. 
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FIGURE 22 RENAL RESPONSE DURING INTERMITTENT POSITIVE PRESSURE 
VENTILATION WITH LEFT ATRIAL RECEPTOR STIMULATION 
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FIGURE 23 RENAL RESPONSE DURING HIGH FREQUENCY OSCILLATORY 
VENTILATION WITH LEFT ATRIAL RECEPTOR STIMULATION: Abbreviations 
and arrangements as in Figure 23. The responses were similar to 


those in Figure 23. 
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FIGURE 24 RENAL RESPONSE DURING INTERMITTENT POSITIVE PRESSURE 

AND HIGH FREQUENCY OSCILLATORY VENTILATION WITH LEFT ATRIAL RECEPTOR 
STIMULATION: Abbreviations: (C) control period, (S) stimulation 
period. Abcissa: sequential responses during intermittent positive 
pressure and high frequency oscillatory ventilation. Ordinate: 
urine flow per 10 min interval (ml). A similar significant increase 


in urine flow was noted with both modes of ventilation. Statistical 


significance is indicated by the stars (¥&). 
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FIGURE 25 HEART RATE RESPONSE WITH ISOLATED CAROTID SINUS 
STIMULATION: Abbreviations: (C. S. P. ) carotid sinus pressure, 
(TPPVelS ‘Cas intermittent positive pressure ventilation, initial 
control; (HFOV) high frequency oscillatory ventilation; (IPPV F. C. ) 
intermittent positive pressure ventilation, final control. 

Abcissa: carotid sinus pressure (mm Hg); Ordinate: heart rate 
(beats/min). Curves fitted by eye. Data taken from initial inter- 
mittent positive pressure ventilation run, the high frequency 
oscillatory ventilation run and the final control intermittent 
positive pressure ventilation run. A similarity between the 


responses was evident. 
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FIGURE 26 HEART RATE RESPONSE WITH ISOLATED CAROTID SINUS 
STIMULATION: Abcissa: carotid sinus pressure (mm Hg); Ordinate: 
percent heart rate change (beats/min)[normalized heart rate]. 

The curves for intermittent positive pressure ventilation (IPPV) 
and high frequency oscillatory ventilation (HFOV) were fitted 

by eye. With the method of least squares for slope analysis 

of the linear section of the curves no difference existed between 
the two modes of ventilation. The curve for high frequency vent- 


ilation was shifted significantly to the right. The values for 


the percent heart rate change for each setting of the carotid 
sinus pressure were obtained from repeated runs and then averaged, 
this resulted in the values obtained during high frequency venti- 


lation not going completely from 0 to 100 percent. 
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TABLE 1 Physiological Parameters, Protocol 11A. 

The values for systemic blood pressure (mm Hg), left atrial 
pressure (cm water) and mean airway pressure (cm water) during 
intermittent positive pressure and high frequency oscillatory 
ventilation pre and post ansa subclaviae sectioning are shown. 
Significant changes are noted only for left atrial pressure 


during periods of stimulation prior to ansal sectioning. 
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Physiological Parameters, Protocol IIA 


TABLE 1 
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TABLE 2 Mean Heart Rates, Protocol 11B 

Abbreviations: (0: F.) oscillatory frequency, (0. T. V.) oscillatory 
tidal volume, (C.) control periods, (S.) stimulation periods. Mean 
heart rate during the various respirator parameters of protocol 11B 


are given; there is no significant difference between the values. 
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(beats/minute) 
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All the heart rates during the stimulation periods are significantly 


greater than during the control periods. 
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TABLE 3 Physiological Parameters, Protocol 11B 

Abbreviations: (B. P. ) systemic blood pressure, (L. A. P. ) 
left atrial pressure, (Paw ) mean airway pressure, (I. V. C. P. ) 
inferior vena caval pressure, (0. F. ) oscillatory frequency, 

(0. T. V. ) oscillatory tidal volume. There is no significant 
difference among any of the physiological paraneters measured 


at different respivator settings. 
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TABLE 3 Physiological Parameters, Protocol 11B 
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Oeile: ORR. DH pCO. pO. 
(ml/kg) (Hz) (mm Hg) (mm Hg) 
5 16 7.40+.01 32.642.3 164.0+18.9 
5 8 7.40+.02 34.8+3.4 142.8423.1 
5 25 7.40+.04 37 .744.5 134.3410.7 
2.5 16 7 .34+.02 41.243.7 143.0£12.1 
7.5 16 7.48+.01 28.14+3.2 153.24 6.2 


TABLE 4 ARTERIAL BLOOD GASES, PROTOCOL 11B: Abbreviations: (0. T. V. ) 
oscillatory tidal volume, (0. F. ) og ah ator: frequency. The various 
combinations of high frequency oscillatory ventilation pump parameters 
are listed in the two columns on the left hand side and the respective 
arterial blood gases in the three columns on the right hand side. 

There is no statistically significant difference between any of the 
values at the different respirator settings but a trend to a respiratory 
alkalosis at higher oscillatory tidal volumes and a acidocis at lower 


oscillatory tidal volumes is present. 
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BLOOD PRESSURE LEFT ATRIAL PRESSURE MEAN AIRWAY PRESSURE 


(mm Hg) (cm H,0) (cm H0) 


IPPV - n=10 
HPOV - n=5 


TABLE 5 PHYSIOLOGICAL PAPMETERS, PROTOCOL 11C:Abbreviations: (B) balloon. 
Table arranged as in Table 1. There is no difference between the hemo- 
dynamic parameters or airway pressure with any of the varied number of 
sites of stimulation or with either of intermittent positive pressure or 


high frequency oscillatory ventilation.. 
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TABLE 6 URINARY PARAMETERS, PROTOCOL 11D: Abbreviations: (C) control 
periods, (S) stimulation period. Significant decreases in urinary 
osmolality and increases in total sodium excretion were present 

with both intermittent positive pressure and high frequency oscil- 
latory ventilation. No change in urine sodium concentration was 


recorded, 
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Carot desi nus oy Sten ices 100d) ein a welt i Mean Aicway 
Pressure Pressure Pressure 
(mmHg) (mmHg ) (cm water) 
IPPY HFOV TPPY HFOV 

55 iWaekal ede i 122.0+0.0 Spec U hwo asian Bea 
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TABLE 7 PHYSIOLOGICAL PARAMETERS, PROTOCOL 111: The values for systemic 
blood pressure (mm Hg) and for mean airway pressure (cm water) for 

each step increment of carotid sinus pressure (mm Hg) are shown 

both during intermittent positive pressure and high frequency oscillatory 
ventilation. There was no statistically significant difference 

between values at different carotid sinus pressures or modes of ven- 


tilation. 


| 


¥ at i t “ok! ‘ : * 7 - : | 


U dont". | i 


+ Osbekue S:0sie Bt re cot 
RARE Ree 7 ag Pe ul 
Ligeti" Sagal. a pe ath RISE, 
Sostue Riakan cMitee 4SP. ot Ese ash* 7 att ry, 
Be eC ee me os aa - aes 
‘Bhat area im es, ce a | Tee i 
Sis) 2) OR AA SER: | 
ncersh Sak eee Ow sin fer” pr ee 
! SME |, ” 1a ah RD AGT Saba EW tha on 9 eS 


oie 


. 
nate client te i Fir aks eed i 0 : 1 
) ae oe | 
4 , ea 


f i gg i ; 
Ra ; mf y y ; Pa cv. 
y i D x wr Vi 


° Poy y ay : 1 a : 
aa iW oe . th, aan 


s cal fst iat sie rei 


- FENER ay 


BIBLIOGRAPHY 


Linden, R.J. 1973. Function of cardiac receptors. Circ. 
48: 463-80. 


Donald, D.E., J.T. Shepherd. 1978. Reflexes from the heart 
and lungs:physiological curiosities or important regulatory 
mechanisms. Cardiovasc.Res. 12:449-69. 


Korner, P.I. 1977. Integrative neural cardiovascular 
control. Physiol.Rev. 51:312-67. 


Mancia, G., R.R. Lorenz, J.T. Shepherd. 1976. Reflex control 
of circulation by heart and lungs. In International Review of 
Physiology II, vol. 9, eds. A.C. Guyton and A.W. Cowley, 
University Park Press, Baltimore, 111-44. 


Folkow, B. 1979. Relevance of cardiovascular reflexes. In 
Cardiac Receptors, eds. R. Hainsworth, C. Kidd, and R.J. 
Linden, Aldlen Press, Oxford, England, 473-505. 


Linden, R.Jd. L755 Reflexes from the heart. Progr. 
Cardiovasc.Dis. 18:201-21. 


Brown, A.M. 1982. Cardiac reflexes. In Handbook of 
Physiology, Section 2 The Cardiovascular System, ed. R.M. 
Berne, American Physiological Society, Bethesda, Maryland 
677-89. 


ADDOUd Meee De Damnerstad, A«u. Mark, bea. -ocnmid. 1975; 
Reflex control of the peripheral circulation. 


Prog.Cardiovasc.Dis. 18:371-403. 


Linden, R.J., C.T. Kappagoda. 1982. Atrial Receptors, Cambridge 
University Press, Cambridge pp.1-357. 


Tl 


: Sadi sit ot ene 


| tee 


aFtl ? 
ie 


y dy mh 
uae pie: . vallelt 


7 aul fi 
roncier Nath | over A rer 7 Bt. be ne 10k MOR gal? 40d) (bionat ee 
% sven teabatatenal ia Bh niger bab dyed - abe poh ici to” x 
eee a me Heitveid Oh eee Fin Sight wpoldieyts ast ; _ 
a meat, eerie s138 aaa alae ayer tall is ¥ 


; aes 
ee 


ae 


| _ Ss ‘i ry 3 an ~ i 
ies pons iay shies ptbnes. te soaeve rad. ejes ; g “poHt0, a 
eo werd) say eninge Sate veetenal | D6 Ring 

rare eee aaa erwaet ears paliatiae jeer 


{ tL ae a ; P ‘ ae Palys : 1 
2oket" tom af, | 
Ve ons 


pork ‘a if “iia, 


re Motil . ayy 
Ee eit 
Diem henna 


‘ 
Oe ka 
wo 


seer ab Panty, ee . 
nathan lees | | 


10. 


Tike 


12. 


13. 


14. 


15. 


10; 


be 


Brown, A.M. 1979. Intrinsic characteristics of 
baroreceptors. In Cardiac Receptors, eds. R. Hainsworth, C. 
Kidd,R.J. Linden; Alden Press, Oxford, England, pp. 339-53. 


Quest, J.A., R.A. Gillis. 1974. Effect of digitalis on 
carotid sinus baroreceptor activity. Circ.Res. 35:247-55. 


Zuker, I.M., J.P. Gilmore. 1980. Atrial receptor modulation 
of renal function in heart failure. In Disturbances in 
Neurogenic Control of the Circulation, eds. F.M. Abboud, H.A. 
Fozzard, J.P. Gilmore, D.J. Reis. American Physiological 
Society, Bethesada, Maryland pp. 1-16. 


Brown, A.M., M.C. Andersen. 1981. Plasticity of arterial 
baroreceptors in hypertensive states. In Disturbances in 
Neurogenic Control of the Circulation, eds. F.M. Abboud, H.A. 
Fozzard, J.P. Gilmore, O.J. Reis, America Physiological 
Society, Bethesda, Maryland, pp. 133-38. 


Coleridge, J.C.G., A. Hemingway, R.L. Holmes, R.J. Linden. 
1957e¢ fhe. jlocationveaofi. atrial. receptors..in’ the'edog;. a 
physiological and histological study. J.Physiol. (London) 
136:174-97. 


Floyd, K. 1979. Light microscoppy of nerve endings in the 
atrial endocardium. in geiCardiac ve Receptors, wnedssnc R- 
Hainsworth,C. Kidd, R.J. Linden, Alden Press, Oxford, England, 
pp. 3-26. 


Kappagoda, C.T., R.d. Linden, N. Sivananthan. 1979. The 
nature of the atrial receptors responsible for a_ reflex 
increase in heart rate in the dog. J.Physiol. (London) 
291:393-422. 


ite Thee mod nana" ‘ 1 , hse ‘AV t 

| es car ie * hae ee : 

y Bec ta wry ; ir ae i ‘ Ma i vs 
.~ er ah hy: ae 5 9h, Kh Ji ; 
Pe ‘ buptiae “A ? wow e sak Aas F 


t 


| : ae Bs 
rie revey rh ee wil . FRA » oe S10 ” a" : a ‘i es 


; } be 
Pee” aah ph 4 ed Daal 


re boviethe 6, ie he Feige a nie aed a we iv a pr ' r 
oe amoitibe Ach? " ne a be . ovlaparvony. “HES: pied qaawvo'ee bt ie 
ae Hand Bh Ht 4a S vent te! ani. Cas) ", ‘pane, ohne 

| : tag DG yea (RS | hat Nem iotet yl * nee ieee “eee ot - - 
CN ee OM Mm ei a) ael yret sbagdion stata a a. 

on | | wr. « uh 

‘Aboot ct eR eae ‘ag, wees ine me run x % ‘seer at -_ 
00 sat al) BopRMue ioe iy Re sept nT a, feet 

a niity ok ie a abt : ix r pilose bone {) Cahn a) 2 


Rar iTe si im —— 


he og . ie mantk) 
aug ee . bit ste aoe ei Agharaay: arn | Soret OTT ae “ 
Rs ee? os emer anquaah 7 patinie? 4 a } ures 
¥ Pa 7 an ; ; i) a ne) 2 ? eer" im cae, tne Hie Volt ad a 2a bs 


; i he 


on) | Rit 
mat ta oe . 107 ante Les 

rane: stot my Me 1) 
* Na 


ge 


18. 


1s) 


20. 


21. 


22. 


23% 


24. 


25% 


i333 


Paintal, A.S. 1979. Electrophysiology of atrial receptors. 
In Cardiac Receptors, eds. R. Hainsworth, C. Kidd, R.J. Linden, 
Alden Press, Oxford, England, pp. 73-87. 


Arndt, J.0. 1979. Neuro-physiological properties of atrial 
mechanoreceptors. In Cardiac Receptors, eds., R. Hainsworth, 
C. Kidd, R.J. Linden, Alden Press, Oxford, England, pp. 89-115. 


Kappagoda,C.T., R.J. Linden, D.A.S.G. Mary. TORT. Atrial 
receptors in the dog and rabbit. J.Physiol. (London) 272:799- 
S15 


Thames, M.D., B.D. Miller, F.M. Abboud. 1982. Sensitization 
of vagal cardiopulmonary baroreflex by chronic’ digoxin. 
Am.J.Physiol. 243:H815-H818. 


Ledsome, J.R., R.J. Linden. 1964. A reflex increase in heart 
rate from distension of the pulmonary vein-atrial junctions. 
J.Physiol. (London) 170:456-73. 


Ledsome, J.R., R.J. Linden. 1967. The effect of distending a 
pouch of the left atrium on heart rate. J.Physiol. (London) 
T9S3IZWe29% 


Edis, A.J., D.E. Donald, J.T. Shepherd. 1970. Cardiovascular 
reflexes from the stretch of pulmonary vein-atrial junctions in 
the dog. Circ.Res. 26:1091-1100. 


SchulitZns HW DeSse Dee aithaterso-NoD. Sundet, »P.G. Geer,. K.L. 
Goetz. 1982. Reflexes elicited by acute stretch of atrial vs 
pulmonary receptors in conscious’ dogs. Am.J.Physiol. 
242:H1065-H1076. 


Greenwood, P.V., C.T. Kappagoda. 1980. "Summation" of the 
increase in heart rate from stimulation of atrial receptors. 
Can.J.Physiol.Pharmacol. 58:666-72. 


ee 


= Mm 


tatets 


rane ‘ ork ay a i 
| | i 1) TE ee aheb flce ae pti : 
nontngtihense : ‘edie eer aa Healt 
an hat sheatt e Sshatieal evengniugolisy: ' fopae em 
i a ee, a elit OREN itkcgicans. 
ee STA te oe ai ae Hs 
ave t egweranh ‘vette . / ae habe? a7 re pao me 
peernen Setraeantey pe arg © ty’ + wo eine MORE eaten 


a 


% 


ee ot 7 eae sd (votive 2 Tobe “ : 
Puan ee e ee a 
k pHi tears te dyahn ‘ete rat peeve ale fe 
tnabhady: tata 7 al aad a mth, iat Sat Noteuet 


7 on 


Vey sano THN ae | 
re ayer! vere 


/ 


mY » Re “eae me 
*y (ehyee ‘ip, ron 
faiaulibiet 


26. 


Like 


28. 


29. 


30. 


JY. 


32 


33. 


134 


Linden,R.J. 1979. Atrial receptors and heart rate. In 
Cardiac Receptors, eds. R. Hainsworth, C. Kidd, R.d. Linden. 
Alden Press; Oxford, England, pp. 165-91. 


Furnival, C.M., R.d. Linden, H.M. Snow. 1971. Reflex effects 
On the heart of stimulating left atrial receptors. J.Physiol. 
(London) 218:447-63. 


Kappagodais CG. 1) heme inaen., D.A.osus Many. 1975. | Gradation 
of the reflex response from atrial receptors. J.Physiol. 
(London) 251:561-67. 


Harry, J.D., C.T. Kappagoda, R.J. Linden, H.M. Snow. 1971. 
Depression of the reflex tachycardia from the left atrial 
receptors by acidaemia. J.Physiol. (London) 218:465-75. 


Ledsome, J.R., R.J. Linden, J. Norman. 1971. The effect of 
light chloralase and pentobarbitone anaesthesia on the acid- 
base state and oxygenation of arterial blood in_ dogs. 
J.Physiol. (London) 212:611-27. 


Linden, R.J., C.M. Maplus, D.A. Saunders, H.M. Snow. 1974. 
Correlation of a cardiovascular reflex response with the 
auditory evoked potentials in the dog during changes of depth 
of anaesthesia. J.Physiol. (London) 238:9P-10P. 


Ledsome, J.R., R. Hainsworth. 1970. The effects upon 
respiration of distension of the pulmonary’ vein-atrial 
junctions. Resp.Physiol. 9:86-94. 


Carswell, F., R. Hainsworth, J.R. Ledsome, 1970. The effects 
of distension of the pulmonary vein-atrial junctions upon 
peripheral vascular resistance. J.Physiol. (London) 207:1-14. 


c tie y ava eh 
| fe aE ete by vi 


dy fay m 


i 
4) a! ‘ 


ae . ' ‘sie i 7 7” i 1 4 5 
(IRE) . pai: it prere a ¥ aa ae mk er cS a ie 
inva phat well pont skiiodsas Kite sit oo notezergad : | : 

eh gests sain shane. b inst ea aad ae 


te plnae tf it chou: na 1 sabia & Hii ii? pani : 
boy am, Ae, Ar esi eomne. mies bir bia) m0 ris, sautevoldy! 2 th: nee = 
aga i ‘bpula. trpainy, | W it trpnep ym ie, eyete: Bx | 
Coa of sNSetho 815 (ma) of an 
Birr Bila re tae | ae . si nae a : y, 
Jeep: swine r ry 6 anahalal adsl) puation . ea vatlsbnth = 
tr ee wanogEs “etter Nmtaaavothye> :s e, mottelas xi 
Hepes fo. dunes. grdab: ‘tod: ant nt. et etinatog paows ag thO 
bee Me OEE: fae aint pee L sata 
ail e phy! + i, De | Wa 
Eo pete ont | «abe ptowsrten ry peo 
4 af san ATW emote, ad boat fatense as TE, 


34. 


35. 


36. 


37. 


38. 


39% 


40. 


41. 


135 


Linden, R.J., R. Hainsworth. 1979. Reflex control of vascular 
capacitance. In International Review of Physiology, 
Cardiovascular Physiology III, volume 18, eds. A.C. Guyton, 
D.B. Yong, University Park Press, Baltimore; pp. 67-124. 


Lloydse!.C..Jr, deJe. briedman. 19/7/. ) Effect of a’left atrium 
pulmonary vein’ baroreflex on peripheral vascular beds. 
Am.J.Physiol. 233:H587-H591. 


Henry, J.P., J.W. Pearce. 1956. The possible role of cardiac 
atrial stretch receptors in the induction of changes in urine 
flow. J.Physiol. (London) 131:572-585. 


Henry, J.P., O.H. Gauer, J.L. Reeves. 1956. Evidence of the 
atrial location of receptors influencing urine flow. Circ.Res. 
4:85-90. 


Kappagoda, C.T. 1979. Atrial receptors and urine flow. In 
Cardiac Receptors; eds. R. Hainsworth, C. Kidd, R.J. Linden; 
Alden Press; Oxford, England pp 193-214. 


Mason, J.M., J.R. Ledsome. 1974. Effects of obstruction of 
the mitral valve orifice or distension of the pulmonary vein- 
atrial junctions on renal and hind-limb vascular resistance in 
the dog. Circ.Res. 35:24-32. 


Thames, M.D., B.D. Miller, F.M. Abboud. 1982. Baroreflex 
regulation of renal nerve activity during volume expansion. 
Am.J.Physiol. 243:H810-H814. 


EindenvyiR-cdi-,  DeAsseG-.eeMary,, 0. Weatherill. ~1979.- Atrial 
receptors which effect reflex inhibition in renal nerves in 
€ogs- ecru aehysiol. 290.1 1P. 


| set see 
na bt dar: r Ko, vata a 
.ehou ‘eal aragee, Ri slilch 


EET Lan TE 


on wt ‘aeipnaats ‘Nn poy oer aay St erotscn. Rarnte Me hats aM 
i oe oo ae alana! et an 
| einen Mie 4 A ae sR i 
st to “idoiashal ae ial wae ae ste A oa 
eh er aa watt ot gt ~~ suid awaqsaet Ne oat isvor titra 
PR ve ee om : ‘pha ayy ae a 
hi’ baat ont ne eaiuake nibs ie ee | om ‘ BA 7 
tae. Le Wi SeEN) oO parole Wiebe ae ‘oaths _ 
in Selle any doris Ly yn Sia a eee! nae: 
| ayy oF Me | oe sd i 
79) bit ie spas er genet A te oak “aN am: 
ase mtvomnt any wits ve ntdnaaete Ao watt ve ak jl boss re 
i? waneteteey ambyodew rn wns fener: 9 motranab: inet 


en | at gStisetnat —— 


4 
p 
nt 


oF ae 


ent arr oe ge ey, 
HoT eee cH 


1wPdmA, | | iyetsen a ay 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49, 


50. 


136 


Karine. Pry 70. -oKidd = GoMc2 sMalpus, PCE. Penna. 1972. The 
effects of stimulation of the left atrial receptors. on 
sympathetic efferent nerve activity. J.Physiol. (London) 
227:243-260. 


Ledsome, J.R., Rd. Linden, W.J. O'Connor. 1961. The 
mechanisms by which distension of the left atrium produces 
diuresis in anaethetized dogs. J.Physiol. (London) 159:87-100. 


Carswell, F., R. Hainsworth, J.R. Ledsome. 1970. The effects 
of left atrial distension upon urine flow from the isoalted 
perfused kidney. Quart.J.Exptl.Physiol. 55:173-182. 


Fater, 0.0.7 HeD< Schultz, W.D. Sundet, J.S. Mapes, K.L. Goetz. 
1982. Effects of left atrial stretch in cardiac denervated and 
intact conscious dogs. Am.J.Physiol. 242:H1056-H1064. 


Gauer, 0.H., J.P. Henry, H.O Sieker. 1961. Cardiac receptors 
and fluid volume control. Progr.Cardiovasc.Dis. 4:1-26. 


Johnson, J.A., W.W. Moore, W.E. Segar. 1969. Small changes in 
left atrial pressure and plasma antidiuretic hormone titers in 
dogs. Am.J.Physiol. 217:210-214. 


Menninger, R.P., D.T. Frazier. 1972. Effects of blood volume 
and atrial stretch on hypothalamic single unit activity. 
Am.J.Physiol. 223:288-293. 


Thames, M.D. P.G. Schmid. 1981. Interaction between carotid 
and cardiopulmonary baroreflexes in control of plasma ADH. 
Am.J.Physiol. 241:H431-H434. 


Kappagodas,*C.1., RJ. Linden, H.M. Snow, E—.M. Whitaker. 
1975. Effect of destruction of the posterior pituitary on the 
diuresis from left atrial receptors. J.Physiol. (London) 
244:757-770. 


a) die ee f 
spaubore “an Ph, ey, ato 
Ot. dual bescaencst ey 


stows weit covet i a ies 
bait Teoh “ae orl 7 it 
ares bMS 1a 


bite , saan sien ay pom (ttt ee seet i one 
Paiute Sciseishhadee Rea caer Asta : a. s rm 


svat aust jtonn oats alate! et mH ae “ke crna a 
| i ae eee he. suai cin) bial fovtwens ston res: : 
; =" - 

’ ya st i sie 


5 
of 


F aaipaisaey thane ahs a yy pial Whe aii oO 


: aierys "eurncnar cl dapat sit ‘prem haw nugaibang 4 Lihemminalg! . me 
as AONE ihe A he “¢ fae 
ett ay ii, ee x ‘4 7 ‘ 1s are o 


‘ “at wb waa an 


oy 


52. 


53. 


54. 


55. 


56. 


ave. 


Soe 


137, 


Linden, R.J., D.A.S.G. Mary, C. Winter. 1982. The effect of 
decerebration on the response of increase in urine flow to 
stimulation of left atrial receptors in the dog. J.Physiol. 
(London) 330:16P. 


Albrook, S.M., G.R. Bennion, J.R. Ledsome. 1972. The effects 
of decerebration on the reflex response to pulmonary vein 
distension. J.Physiol. (London) 226:793-803. 


M.F. Knapp, R.J. Linden, M.J. Pearson, J.M. Pither. 1982. 
Atrial receptor diuresis: evidence that the presence of the 
humoral factor in purified extracts of plasma is dependent on 
the integrity of the atrial receptor reflex. J.Physiol. 
(London) 330:67P-68P. 


Kappagoda, C.T., M.F. Knapp, R.J. Linden, M.J. Pearson, E.M. 
Whitaker. 1979. Diuresis from left atrial receptors: effects 
of plasma on the secretion of the malpighian tubules of 
rhodnius prolixus. J.Physiol. (London) 291:381-91. 


Cupples, W.A., A.T. Veress, A.J. DeBold, H. Sonnenberg. 
1981. Effect of cardiac atrial extract on segmental nephron 
transport in the rat kidney. Fed.Proc. 40:554. 


DeBold, A.J., H.B. Borenstein, A.T. Veress, H. Sonnenberg. 
1981. A rapid and potent natriuretic response to intravenous 
injection of atrial myocardial extract in rats. Life Sci. 
28 :89-94. 


Downing, S.E. 1982. Baroreceptor regulation of the heart. In 
Handbook of Physiology, Section 2: The Cardiovascular System 
ed. R.M. Berne, American Physiological Society, Bethesda, 
Maryland pp. 621-652. 


Brown, A.M. 1980. Receptors under pressure: an update on 
baroreceptors. Circ.Res. 46:1-10. 


aieie a, bien sushi pate ae “A viedlle ene ‘ine 


Chae wrt er: TEI lepine: THeT oe bine’ pea: ; ih 


“hy ee i 5 pela 


atone at, a0 “i 


Pie a 


— tally 


ne) nail suai a parece berttane! Fathycten + fare. 
fotagttut Dacia menuan Tat ce Ya. ‘ ytiageta ame ‘phy 
ey AAs 068. ina 


mak, wasnt, sta: pent: jou ae ae ta, poten: cae 

wrautte eT OeH tahun’ det meyt a va eyes Sagas HW 

hi: i aout Bi cscnitabestaidl *‘— rien: a ames tqy. 1H an 
, Siailiacs tee Ramet “tot hawt if anita * 


rey el pets isiewaingte ‘Bh Jann tin tabs ‘ahtira ay Siphon! a = 
| | a ‘a, Lowi cits ean 4 oy sat nt ‘ 7 


ite ira i. ‘Mae Ame: ihe - a " giedeas TOS 
« Hee eta Le) 


Oise vaiusesotbata 


Sle 


60. 


61. 


62. 


63. 


64. 


65" 


66. 


67. 


138 


Coleridge, H.M. J.C.G. Coleridge. 1980. Cardiovascular 
afferents involved in regulation of peripheral vessels. 
Ann.Rev.Physiol. 42:413-27. 


Bagshaw, R.J., L.M. Peterson. 1972. Sympathetic control of 
the mechanical properties of the canine carotid sinus. 
Am.J.Physiol. 222:1462-68. 


Kirchhein, H.R. 19765 Systemic arterial baroreceptor 
reflexes. Physiol.Rev. 56:100-/76. 


Dowing, ~S.E., . JaHeeeSiegel’ 1963. Baroreceptor and 
chemoreceptor influences on sympathetic discharge to _ the 
heart. Am.J.Physiol. 204:471-79. 


Davidson, N.S., S. Goldner,D.I. McCloskey. 1976. Respiratory 
modulation of baroreceptor and chemoreceptor reflexes affecting 
heart rate and cardiac vagal efferent nerve activity. 
J.Physiol. (London) 259:523-30. 


Higgins, Gs B..2 She Vatner, EE. Braunwald. 1973. 
Parasympathetic control of the heart. Pharmacol.Rev. 25:119- 
315) 


Hainsworth, R., F. Karim. N97 6% Responses of abdominal 
vascular capacitance in the anaesthetized dog to changes in 
carotid sinus pressure. J.Physiol. (London) 262:659-77. 


Coleridge, H.M., J.C.G. Coleridge, M.P. Kaufman, A. Dangel. 
1981. Operational sensitivity and acute resetting of aortic 
baroreceptors in dogs. Circ.Res. 48:676-84. 


Ito, C.S., A.M. Scher. 1981. Hypertension following arterial 
baroreceptor denervation in the unanesthetized dog. Circ.Res. 
48 :576-86. 


to forte a 
aunt peda” Shaner 


yy Le 
"7 . ty ; : 


ne : : af a : ‘ 
yortesaanse ferred ea 


a. iy - on : al 
ete i 


a snort ‘aie ee st “aa 
hn ae seinen fy’ j a | 


Pe, Rae ‘ohne. a d ap 


i 


heemn Baa “eet nepali LT dynenid fe j ae eau: ncdstyal oo 

pannel te rer he michigan vntasagnonaed 7. ‘wobtetiodin, 

Jag ee od Dae Caled ial Bea) fre, rr ee cea” i“ 
tai ie “viieeet: ot (sone bail 

oe, oe "amas ; a “dena * guile | 

aitine, in Tot pepe Aond, Yo Tom twat: she ) 


OAM bith By . ca 


t@ be Uy ay 


fen Nada ae | schaali 
ny aerials is ‘poe ar , 
Bae jab 


’ ; : ‘ 
i . ie al 4 


| ahaa saber weil 
atnheota { a) 


68. 


69. 


20. 


7as 


he. 


73 


74. 


15. 


76. 


he 


139 


Shoukas, A.A., K. Sagawa. 1973. Carotid sinus baroreceptor 
reflex control of total systemic vascular capacity. Circ.Res. 
33322-33. 


Kienze, OD.L. 1981. Rapid resetting of the carotid 
baroreceptor reflex in the cat. Am.J.Physiol. 241:H802-H806. 


Stephenson, R.B., D.E. Donald. 1980. Reflexes from isolated 
carotid sinuses of intact and vagotomized conscious dogs. 
Am.J.Physiol.: 238:H815-H822. 


Mancia, G., J.T. Shepherd, D.E. Donald. 1976. Interplay among 
carotid sinus, cardiopulmonary and carotid body reflexes in 
dogs. Am.J.Physiol. 230:19-24. 


Karim, F., D. Mackay, C.T. Kappagoda. 1982. Influence of 
carotid sinus pressure on atrial receptors and renal blood 
flow. Am.J.Physiol. 242:H220-H226. 


Vatner, S.F., J.D. Rutherford. 1981. Interaction of carotid 
chemoreceptor and pulmonary inflation reflexes in circulatory 
regulation in conscious dogs. Fed. Proc. 40:2118-2193. 


Vatner, Sehr. DoH. Boettcher, GcRs Heyndrickx, Rad. 
McRitchie. 1975. Reduced baroreflex sensitivity with volume 
loading in conscious dogs. Circ.Res. 37:236-242. 


Pack sows « 1981. Sensory inputs to the medulla. 
Ann.Rev.Physiol. 43:73-90. 


Sant'Ambrogio, 4G. 1982. Information arising from the 
tracheobronchial tree of mammals. Physiol.Rev. 62:532-69. 


Widdicombe, J.G. 1974. Reflexes from the lungs in the control 
of breathing. In Recent Advances in Physiology, ed. R.J. 
Linden; Edinburgh, London; Churchill Livingstone 239-278. 


Tnttoies ay “ ‘inven ' 


hedetoat run retin ott ie 3d 
rat nledoints, sae ren wii anvesaankt £ tt ol on 


en sanaw tied _ ag , i> n> ato sys a oe ry se 


| ond 1) Preat 4ipo a 


+ 00 ROMS ‘ | a uy ati a 
ta i oe ” Vy rans 
ae oh OR 


Te 


anette: vied! ‘Bho ‘tee ‘Yradea fugotbyas? aunte beoNaD 3 y 
ey ; AOE + sae 


Nate “em P 


sy A Ne ie ie incl tettge nt,” wmmzeetg ‘euntes bivewss 
ae eae aS sores forall 3 


owt p 
ik 4 


ae on r roe + a) 
bitares Mt. ditenereget see oer madtve teh ane vtontey ee a 
voian eels af. une tps: 4 akan iat wrong, iting os qa:feromnet qn 
 Pethes ays fi: Ae onan Sal igo Ra HOD “yh nate tiger ‘; yi 

oe ee oy 
eee Ty or od pone hte he erent abt 
pit ON We oor vt bong, head becube 3 8TRE atasanton. oe 
Peli sehen: wiped Peainanitsirriart as a 
| Di a p i Tove ae r* ats . ee 
aed Tiikiiaa ans, a a dn | Biss Mat 


Pi 
Ay i. Mp wi 


, pies sgl ia 
ae oe i 


78. 


79% 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


140 


Widdicombe, J.G. 1954. Receptors in the trachea and bronchi 
of the cat. J.Physiol. (London) 123:71-104. 


Colebatch, J.G. S.C. Gandevia, D.J. McCloskey. 1977. 
Reduction in inspiratory activity in response to sternal 
vibration. Respir.Physiol. 29:327-38. 


Homma, I. 1980. Inspiratory inhibitory reflex provoked by 
chest wall vibration in man. Respir.Physiol. 39:345-53. 


Davies, H.L., W.S. Fowler, E.M. Lambert. 1956. Effect of 
volume and rate of inflation and deflation on transpulmonary 
pressure and response of pulmonary’ stretch’ receptors. 
Am.J.Physiol. 187:558-66. 


Miserocchi, G., J. Mortola, G. Sant'Ambrogio. 19735 
Localization of pulmonary stretch receptors in the airways of 
the dog. J.Physiol. (London) 235:775-82. 


Bartlett, D., Jr, P. Jeffery, G. Sant' Ambrogio, J.C.M. Wise. 
1976. Location of stretch receptors in the trachea and bronchi 
of the dog. J.Physiol. (London) 258:409-20. 


Davenport, P.W., F.B. Sant'Ambrogio, G. Sant'Ambrogio. 1981. 
Adaptation of tracheal stretch receptors. Respir.Physiol. 
44:339-49. 


Widdicombe, J.G. 1954. The site of pulmonary stretch 
receptors in the cat. J.Physiol. (London) 125:336-51. 


Miserocchi, G., G. Sant' Ambrogio. 1974. Responses of 
pulmonary stretch receptors to static pressure inflations. 
Respir.Physiol. 21:77-85. 


| ae ‘goto 
Mama wd asoonean 4 + 


te ae aan Peal " ra eit ae "dull, ca00¥ 
ee ge mpvasrvet: ia rt oy ai 


ereageelt Aatee 


ec, 


ae 


‘eter istgosaikt anal oo hetyen | ot 6 gall SY aseoita! aa 


(Maumee nt Tragom Wiis creo lt bteabeantnen - 
peer ey SHEE ae — atl ames a 
Wie theta. ey ipo it 4 uae ee ia 
Higa Unb dudiaaet Witt py Prati nasande. WW} noses «Qtr / 7 
Wael) Ramreus Prove a) Hokage anh ith a 


, Fae) eres Sah lice! noe 85 : aa 
tarayy i siagod ae ihatonsa foaound: to 


a ae a eek ery en bin  ehueri 4 


4 


he sanndeusit pea : “a ye 
dnote Pe! rune 


87. 


88. 


89. 


90. 


oT. 


O2F 


93. 


94. 


14] 


Mutchellh, G.S.MB.AstCrnoss;. TerHiramoto, PeyeScheid? 1980. 
Effects of intrapulmonary C05 and airway pressures on phrenic 
activity and pulmonary stretch receptor discharge in dogs. 
Respir.Physiol. 40:29-48. 


Coleridge, H.M., J.C.G. Coleridge and R.B. Banzett. N97 Si. 
Efifect Sof C0, on afferent vagal endings in the canine lung. 
Respir.Physiol. 34:135-51. 


Bradley, G.W., M.I.M. Noble, D. Trenchard. 1976. The direct 
effect on pulmonary stretch receptor discharge produced by 
changing lung carbon dioxide concentration in dogs_ on 
cardiopulmonary bypass and its action on breathing. J.Physiol. 
(London) 261:359-73. 


Bartlett, D., Jr, G. Sant’ Ambrogio. 1976. Effect of local 
and systemic hypercapnia on the discharge of stretch receptors 
in the airways of the dog. Respir.Physiol. 26:91-99. 


Sampsonigurs.Revteandavesnty Widruk. 1975. Properties of 
"irritant" receptors in canine lung. Respir.Physiol. 25:9-22. 


AgGOStoninzncves.s cure. peCchinnock,. “1M. TdeleBrDalys JU. G.eMurray: 
1957. Functional and histological studies of the vagus nerve 
and its branches to the heart, lungs and abdominal viscera in 
the cat. J.Physiol. (London) 135:182-205. 


KOSLYCVd) wal oR., Boece Luperku. “GH. Hess, -R.L. ‘Coon, J.P. 
Kampine. 197.5. Pulmonary afferent activity recorded from 
sympathetic nerves. J.App].Physiol. 39:37-40. 


KOTZum?, 9K. 44 Ce MCEn sBrooks. 1972. The integration of 
autonomic system reactions: a discussion of autonomic reflexes, 
their control, and their association with somatic reactions. 
Reviews of Phys. Biol. and Exp.Pharm. 67:1-68. 


later n eon on | 
aac —_— att mt 


i mn oeY aes 
hh? pees Pees J i 


| saat ah aren ait 
“a iim pile ngnarioaty ol } 
tee agen ‘wh, norton cebyonve aide 
feta " ‘eae gifin et Ate ea | yaanonT age rh 
ae ose" aati ab 


bent, Me 3 say “a | ite. ieee Menage ad oi ahs kt yeti” cae 
rinteae staan Hor meredith: oh Ko reganongt atndte ye. ban 
1 RETR Hornet hiiean smo ont a dled tial ak 


Wah sat nual Pe ‘epee nad ‘ok Wah alu: ae 
. a nibick <ieuthoitet ‘gee sites ny t asiahaaae “faerie : 

‘sgPrtalt si Sn db rh dhoomittas ab eel ‘etwotengA +S 
sas eign? ie) 30 apne} featontoters bas Fengisoquth) Neel 
vt nie yp Ahn . rl ot ot ssitonand rt bite 
oes uneee Mabe ssh _ 


LP mlD 
ie. ii 


wits a ein tee eet 


nor beatin wo 


95. 


96. 


97. 


98. 


eke 


100. 


fOr. 


102. 


103. 


142 


Donoghue, S., M. Garcia, D. Jordan, K.M. Spyer. 1982. The 
brain-stem projections of pulmonary stretch afferent neurones 
in cats and rabbits. J.Physiol. (London) 322:353-63. 


Korner, P.I. 1982. Central nervous control of autonomic 
cardiovascular function. In Handbook of Physiology Section 2: 
The Cardiovascular System, ed. R.M. Berne; American 
Physiological Society, Bethesda, Maryland 691-739. 


Kiddy. 6. 1979. Cardiac neurones activated by cardiac 
receptors. In Cardiac Receptors, eds. R. Hainsworth, C. Kidd, 
R.J. Linden, Alden Press, Oxford, England, pp. 377-403. 


Kalia, M., M-M. Mesulam. 1980. Brain stem projections of 
sensory and motor components of the vagus complex in the cat: 1] 
The cervical vagus and nodose ganglion. J.Comp.Neurol, 
193:435-65. 


Levy, M.N., H. DeGeest, M. Zieske. 1966. Effects of 
respiratory center activity on the heart. Circ.Res. 18:67-78. 


Korner, -Pvi., “de. Stiaw;- Md. 'WestioWJcR.*? Oliver, ©G. “Hilder: 
1973. Integrative reflex control of heart rate in the rabbit 
during hypoxia and hyperventilation. Circ.Res. 33:63-73. 


Shepherd, J.T., P.M. Vanhoutte. 1979. The Human 
Cardiovascular System; Raven Press, New York, pp. 150-53. 


PaubileseM.n tH. “Senmixt. 1979. Destruction of the nucleus 
tractus solitarii in the dog: comparison with’ sinaortic 
denervation. Am.J.Physiol. 236:H736-H743. 


Ledsome, J.R. 1979. The effects of medullary lesions on the 
reflex response to distension of the pulmonary vein-left atrial 
junctions. In Cardiac Receptors; eds. R. Hainsworth, C. Kidd, 
R.J. Linden, Alden Press, Oxford, England, pp. 405-17. 


Te 
, il iJ 
ig? 
oa 


ye diverts pete one, ae: 


‘a gio re - 
‘a “Whe he bats 


Toe cd , / 


dain ? blk nou witaee 


" | ae nee 
ae had oe tugait, OM ARE atten oe 
tipi Mpa wine ui 6 oat te atnenoqni “astm bas qroRne 

ate te sd P amt pres aoa ‘bn ‘then? Aesheres eed a 
We utd See cprtaots “dh techie AM al oe 

i 4 ath ot ged at tte lt wy er AI ROD NO 

meer 1h) pene 
wut tit: a ‘hace i es halt ‘wail oh ee q smomvol ac : 
phebsan. alte pene heen » Seaton matte, met Serpeta hig’ over . 
i “i bas epi at an oe nih pial sai weasnsieier © 4 

7 “4 nl gener by ep aa a) 7 ve 


maaan - ion 


— ais to nabs 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


ee 


143 


Donoghue, S., M. Garcia, D. Jordan, K.M. Spyer. 1982. 
Identification and brain stem projections of aortic 
baroreceptor afferent neurones in nodose ganglia of cats and 
rabbits. J.Physiol. (London) 322:337-52. 


Anderson, F.D., O.M. Berry. 1956. An oscillographic study of 
the central pathways of the vagus nerve in the cat. 
J.Comp.Neurol. 106:163-81. 


Spyer, K.M. J.M. Wolstencroft. 1971. Problems of the afferent 
input to the paramedial reticular nucleus, and the central 
connections of the sinus nerve. Brain Res. 26:411-14. 


Jordan, D., K.M. Spyer. 1979. Studies on the excitability of 
sinus nerve afferent terminals. J.Physiol. (London) 297:123- 
34. 


Albrook, S.M., G.R. Bennion, J.R. Ledsome. 1972. The effects 
of decerebration on the reflex response to pulmonary vein 
distension. J.Physiol. (London) 226:793-803. 


Hilton, S.M. K.M. Spyer. 1971. Participation of the anterior 
hypothalamus in the baroreceptor reflex. J.Physiol. (London) 
218:271-93. 


Werz, M., E. Mengel, P. Langhorst. 1974. Extracellular 
recordings of single neurones in the nucleus of the solitary 
tract. In Central Rhythmic and Regulation; eds. W. Umbach and 
M.P. Koepchen, Hippokrates Verlag Stuttgart pp. 259-65. 


Stroh-Werz, M., P. Langhorst, H. Camerer. W977: Neuronal 
activity with cardiac rhythm in the nucleus of the solitary 
tract in cats and dogs. II Activity modulation in relation to 
the respiratory cycle. Brain Res. 133:81-93. 


toes, ae ‘i “aha oT 
yb. athe Yo wl oa “ce 
| Lae we : Len 82 
RG eae otra igot The w 


ro ot Pi >. wey +o" f ‘ey 


—> 


ee ; ee $7 


a a toe oot dation psi y oi 


ind t 658% tee e000 i uate ont 0 anata me Oe «9 


ia 


yal 
4 7 ‘ ' he * 
ou) ; ; " pe aap F 


CH Fidenitooke RE ong: ‘ae rer. par oy X eadh onebrel Bil 


} . ATS Sd en ‘veheohrr + seas even aun 
| A ‘ n 
oT 1s 807 » oper (peelietees amet , fh TH y ri ca. £ loots ab ok : 
nage: CR ERCRR ET MELO . ath? HD | Norte ayaa Yo” 


oer ot a ‘behead  olegat.) | swotomed ats + 
voivaitiaw ons, hy ia Rt fA, PRN crawyt Maat I moe SHORES 
‘Conve J) Tah gent "aaa ah: Pat Ct pe it ont buna tact ony ns ' 

Ea, * halinaae 

| Por deni Ae f load aati 

ve lublereess Os ae ponenorg 4, (eet 2 ee sf i" 

- ete pitt wg ‘ety paul Sak nf Sac pute ERIONS 
Les, aoe iW Ae), Palbbsiis hw batts “nie eget 

| seed vs ctaliocoath nay a 


bP i rt 
(hes Mi 
~ ' 


a mae 


a teménbad aan _ son 


arn 


Pie 


bee 


114. 


LS. 


116. 


1 BY Ae 


118. 


lle 


144 


Paintal, A.S. 1974. The identification of the origin of 
activity with a cardiac rhythm in the brain stem. In Central 
Rhythmic and Regulation; eds. W. Umbach and M.P. Koepchen, 
Hippokrates Verlag Stuttgart, pp. 225-59. 


Kline elec. Orme Oder Reds mL INdeN sm HeM co. SNOW. 19753 
Modification of neuronal activity in the dog medulla oblongata 
by stimulation of left atrial receptors. J.Physiol. (London) 
245:80P. 


Baertschi, A.J., R.F. Munzner, D.G. Ward, R.D. Johnson, D.S. 
Gann. 1975. Right and left atrial B-fibre input to the medula 
of the cat. Brain Res. 98:189-93. 


Mancia, G., D.E. Donald. 1975. Demonstration that the atria, 
ventricles, and lungs are each responsible for a_ tonic 
inhibition of the vasomotor center in the dog. Circ.Res. 
36:310-18. 


Daly, M de B., J.L. Hazzeledine, A. Ungar. 1967. The reflex 
effects of alterations in lung volume on systemic vascular 
resistance in the dog. J.Physiol. (London) 188:331-51. 


Daly, M de B., B.H. Robinson. 1968. An analysis of the reflex 
systemic vasodilator response elicited by lung inflation in the 
dog. J.Physiol. 195:387-406. 


Scharis-o-, b. Caldiniy R.M.. Ingram, Jr; 1977.) «Cardiovascular 
effects of increasing airway pressure in the dog. 
Am.J.Physiol. 232:H35-H43. 


Glick, G-eeA.S. = Wechsler, .S.E.. Epstein. 1969. Reflex 
cardiovascular depression produced by stimualtion of pulmonary 
stretch receptors in the dog. J.Clin.Invest. 48:467-73. 


7 sneak a = r He 

yi 
NRE we 4 aM aa 
. shognoter attuben aah an 
nobno.s) .Yokewt@.b mae 


— wot tt cane 


ere oat 7" teh an ae a a if 
a. een” ot la dal 
Rita ay. feos ah etd ‘yi pie tien P98 oe ral 
hin! ote vot Stakanonn | mn; oo nar agit! bem | ‘sestabringy,, 
erie lsat eet ely ar naa Noiotnesy “aitd se nobabstdat, 7 
eet Rea Sag a eek sansatelae a 
entans ait ‘Aa y eee Lh infu ysa wee i » x, ea a 
+ la sWeaeiaia 58, | ph ate “ne ortanet he, He" ‘etoatin 
A Pal nee cee fap a ‘at oanetet enn a os 
held a: as iy ae ‘ its we 
Wi ry. ta ore vikee ae saa sive Hig a whe 
end 1% Not arian sat bald a sd HORRY 3 peye 


. ¢ 


. ced Paendghbernd Se 
ee ay nt 


api ah)! lf nt 
iis wine ‘te Meine: : oh 


vir 


é 
Te 


120). 


tai. 


122. 


123. 


124. 


¥25%. 


126. 


Wale 


145 


Koike... AA.U A Markee Ded. Heistadia,P.G.%.Schintds 1975. 
Influence of cardiopulmonary vagal afferent activity on carotid 
chemoreceptor and baroreceptor reflexes in the dog. Circ.Res. 
37:422-29. 


Hainsworth, R. 1974. Circulatory responses from lung 
inflation in anesthetized dogs. Am.J.Physiol. 226:247-55. 


Coon, R.L. J.O. Nilsestuen, F.A. Hopp, J.P. Kampine. 1982. 
Heart rate modulation by lung inflation. Fed.Proc. 39:960. 


Shepherd, J.T. 1981. The lungs as receptor sites for 
cardiovascular regulation. Circ. 63:1-10. 


Koizumi, K., H. Seller, A. Kuafman, C. McC Brooks. 197s 
Pattern of sympathetic discharges and their relationship to 
baroreceptor and respiratory activity. Brain Res. 27:281-94. 


Cohen, M.I. P.M. Gootman, J.L. Feldman. 1979. Pulmonary 
afferent influences on respiratory modulation of sympathetic 
discharge. Oxford Baroreceptor Workshop; Oxford, England, 
September 17-21. 


Davidson, N.S., S. Goldner, D.I. McCloskey. 1976. Respiratory 
modulation of baroreceptor and chemoreceptor reflexes affecting 
heart rate and cardiac vagal efferent nerve activity. 
J.-Physiol. (London) 259:523-30. 


Gabriel, M. H. Seller. 1969. Excitation of expiratory 
neurones adjacent to the nucleus ambiguus by carotid sinus 
baroreceptor and trigeminal afferents. Pflugers Arch. 
Seki—10- 


“oak dent | andonaaed | 
; TaboT8S 288, tat 


re | 


seer oo Fenn: at a Ht 
 aOamagte 20m 9 ¥ per hert 
‘oF .abste -pepsqhoen, eat i pr” sider” ee ve renga 

| : | ee any ‘oats tae ast 


: al caf | ie ini Ee Sy ' i 7% wre a a yon s nee im ‘a 7 
on ftngnopae tar" si ‘hi -Rpprtatoeth otsentabqmy ‘fo. imatred ear. 
| Atte TaN Ss - eat yal, Sacaite yrrya en gaa al isodag aroma Sie 


ry wets by 


verimogy hat Bi sata ae jribad 902 at ; ie ast 
vain TEAM Ya noi Fon Aewcities ae ce ee oneal tal 


baat gna abr e honed aogeacanornt bg tae 
ae, oe ASNT 


“" re ae het .. 

the pat] Pe Ve Z ; ris Pan , ies iar re | .- 
a Lek avis, neath is pres <7 . 
ft 6 a PT sadal ety. (nebo) 


a. i eT rai 7m : 
a. seat ran ae 


thie 7 


128. 


129. 


130. 


AST 


132. 


Sie) 


134. 


135. 


146 


Cournand, A., H.L. Motley, L. Werko, D.W. Richards, Jr. 
1948. Physiological studies of the effects of intermittent 
positive pressure breathing on cardiac output in- man. 
Am.J.Physiol. 152:162-74. 


Cassidy, S.S. W.L. Eschenbacher, C.M. Robertson, Jr, J.V. 
Nixon, G. Blomqvist, R.L. Johnson, Jr. 1979. Cardiovascular 
effects of positive-pressure ventilation in normal subjects. 
J.App1].Physiol.: Respirat.Environ. Exercise Physiol. 47:453-61. 


Sjostrand, U.H. I.A. Eriksson. 1980. High rate and low 
volumes in mechanical ventilation - not just a matter of 
ventilatory frequency. Anesth.Analg. 59:567-76. 


Jonzon, A., P.A. Oberg, G. Sedin, V. Sjostrand. 1971. High 
frequency positive pressure ventilation by endotracheal 
insufflation. Acta Anaesth.Scand. (Supp]l.) 43:1-43. 


Sjostrand, U. L977% Summary of experimental and clinical 
features of high-frequency positive-pressure ventilation- 
HFPPV. Acta Anaesth.Scand. (Supp].) 64:165-78. 


Sjostrand, )°u:.', 1980. High-frequency positive-pressure 
ventilation (HFPPV): A Review. Crit. Care. 8:345-64. 


Eriksson, I., U. Sjostrand. 1977. Experimental and clinical 
evaluation of high frequency positive pressure ventilation 
(HFPPVY) and the pneuatic valve principle in bronchoscopy under 
general anaesthesia. Acta Anaesth.Scand. (Suppl.) 64:83-100. 


Malina, J.R. S.G. Nordstrom, U. Sjostrand, L.M. Watturil. 
1981. Clinical evaluation of high-frequency positive-pressure 
ventilation (HFPPV) in patients scheduled for open heart 
Surgery. Anesth.Analg. 60:324-30. 


peersso ena toa e ~si | 
hem wk stm oa 


nt 
ti 


Wale ab. law eat Bate 

wa fingeve thes) ever 7 aad ab wt? cetypMatdl SB CNOMRM ee 
,aroetdue’ Feira we one : oe ah weeary-ovet hoe D ie sd a 
Tabet te sfoteuts “seo ores. Te 1a aheyita. te ae 

we! bits | o7m doh” OB, at 

te “ontste ae A jinn ts 


atlas © —— “ooaupet ae 


a ‘lak ¥ 


ihe 
] oi ; me Pal 
dprTk er baansale iy ‘priteee a ape “he sl ane ster! an 


foortanraobne er ‘nabnehronew: ehunerta © avhiende ganonpett if My = 
| ths Lal er rhino’. Hrzeenh BA a. 7 
Paola ore Cracomtgity, e. eed wer cndie 
oi tgnt fh Hikemnqenyti tena “onus tatip hi | to" aM 
ft sessend ¥ Hive ailtigind’. 3 ss dah, 49M 
| Fone w= nieietay. 
See rigeae tea sasper Lakin. “a ater, mee) aaron wf 
| aiid 8 na Ed Ry x. (ety Stan ti 
ie | eee a) Ce, am Ai, oe 7 
Teh Ba bond “asad ean) oy riovlelgpend x et 
notes tease a ae aw bat iinet”? Opin: ‘to! 
show yitabesashing ah wld Db 
HOtuRgids 1 Mui - 


ot headoae ahi an 
pyuagangenyty hog, 9 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


147 


Eriksson, I., U. Sjostrand. 1977. A clinical evaluation of 
high-frequency positive pressure ventilation (HFPPV) in 
laryngoscopy under general anaesthesia. Acta Anaesth.Scand. 
(Supp].) 64:101-10. 


Borg, U., I. Eriksson, U. Sjostrand. 1980. High-frequency 
positive pressure ventilation (HFPPV): A review based on its 
use during bronchoscopy and for laryngoscopy and microlaryngeal 
surgery under general anesthesia. Anesth.Analg. 59:594-603. 


Chakrabarti, M.K. M.K. Sykes. 1980. Cardiorespiratory effects 
of high frequency intermittent positive pressure ventilation in 
the dog. Br.Jd.Anaesth. 52:475-81. 


Carlongmee.C., tek. C. mivann, ewe S.or Howland, acGae Ray, SdratAlD- 
Turnbull. 1981. Clinical experience with high frequency jet 
ventilation. Crit.Care Med. 9:1-6. 


Kian aM eeSmacth RB, 1977. High frequency percutaneous 
transtracheal jet ventilation. Crit.Care Med. 5:280-87. 


Carlon, G.C., C. Ray, M. Klain, P.M. McCormack. 1980. High- 
frequency positive pressure ventilation in management of a 
patient with bronchopleural fistula. Anesthesiology 52:160-62. 


schusitern, D-P. SIMs Klainiend:V. (Snyderviz) 1982% Comparison ‘of 
high frequency jet ventilation to conventional ventilation 
during severe acute respiratory failure in humans. Crit.Care 
Med. 10:625-630. 


Klain, M., R. Kalla, A. Sladen, K. Guntupalli. 1981. Weaning 
from respiratory support by high frequency jet ventilation. 
Crit.Care Med. 9:191. 


‘eon dg 


3 Sod sino iM, ntetn at ysis 2 3 eis Oy 


088 afm 
ae) hh, beaeibet wobviey & sta | 
haagmeneterats ‘heet, yuaenmmnetnn oo) 

- NE ——_ on “— ie 


4 nots ras Taye sua “ate samen a hf 
thie a bier ici adi sane es : | 


ee ae ee can as ioe aut! sai 
Hit eatinunen wt ea ig fani mpi d. CORE efTodnat 
halk pty ; OT: x «ta dais Ee ailideae 


pk 


aaa foi. een ea ie | eeu 


ive 


setae He molest tongs Wiuyaterg . ¥ESt Og 4) 


a, satiny bpitee had tees ve teen oi 


¥ry wera at lel ks ane 
shang et gyey Tt } 


ein. dy tunel ns o 


abe Lah anny, 
ie 


= 


e 


a 


| ttt wb dnaiyiaact: 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


LSl: 


148 


Gross.) Ds.) ¥> ) Vartian, MM...’ Menami, “HoK.).Chang,) 2. Zidulka. 
1982. High frequency chest wall compression as a method of 
assisted mechanical ventilation in obstructed hypercapneic 
dogs. Physiologist 25:283. 


Mitzner, W., Y.K. Ngeow, N. Caguicla. 1981. Optimization of 
high frequency ventilation (HFV). Fed.Proc. 40:384. 


Wright, K., R.K. Lyrene, W.E. Truog, T.A. Standaert, J. Murphy, 
D.E. Woodrum. 1981. Ventilation by high-frequency oscillation 
in rabbits with oleic acid lung disease. 
J.App].Physiol.:Respirat.Environ.Exercise Physiol. 50:1056-60. 


Sykes, M.K., and M.D. Vickers. 1970. Principles of 
Measurement for Anaesthetists; Blackwel] Scientific 
Publications, Oxford, England, p. 13. 


Rossing, 1.H.; A.S.'Slutsky,.d.L.vehr,; .P.A.. DrinkerjoR. Kamm 
and J.M. Drazen. 1981. Tidal volume and frequency dependence 
of carbon dioxide elimination by high-frequency ventilation. 
N.Eng]l.J.Med. 305:1375-79. 


Slutsky) -A.S.8. R.Di Kanm;$1.Hs.'Rossing,: Ss... sLorings.J.. Lehr, 
A.H. Shapiro, R.H. Ingram, Jr, and J.M. Drazen. 1981. Effect 
of frequency, tidal volume and lung volume on CO> elimination 
in dogs by high frequency (2-30 Hz), low tidal volume 
ventilation. J.Clin.Invest. 68:1475-84. 


Rossing AMd tH. , SAC Sep ou utsky, R.H: Ingram; Jr, R.D. Kamm, A.H. 
Shairo, J.M. Drazen. 1982. CO 5 elimination by high-frequency 
oscillations in dogs-effects of histamine infusion. 
J.-Appl.Physiol.:Respirat.Environ. Exercise Physiol.  53:1256- 
62. 


Emerson, J.H. 1959. Apparatus for vibrating portions of a 
patient's airway. United States Patent Office No. 2, 928, 917. 


gt MUG Lae ra i ap ie 


rAd ral a i 
in 7 aly is r ry mone 
beg a if i" ae 
ere ead Tove Oe Are Dee 
- i ra 1) i) ae aa! | 
i : TaN Li ; Ms ee 


a. hose cr 


ng nansbnta 209 et a ss | : , id rai — 


pea A cell satel a 
moleerltyee, a / | 
| pokacoibine | Kasia 


| ng ea) 4 a ie 1 i a sf | 
% ae + va inal i Let C8 hie, nae oes a 
Mitdtietae. | t votveta ; | papeboortaanny 30h emer wat = 
| | ‘ast ae amma OTA Ft shetiiaril eee 
yw made | Paes eat ia 
niet 3 a oan “ ae mab oe Neledn te Ge aur ane oe 
nosh mane seihewoet. bhio, aml oy tabi ; beers -neeng “Mehta fn 
ho ttre aki inl ‘e wohsinrmt te: ‘sohort 


te vine “i ra 
death Shee “a 
nots india tal" GS! ‘io 7 
teenth Fae igety ahs, vay 


ih piel 


& sti Auk 
| —— 


152. 


L538 


154. 


P55 


156. 


157. 


156% 


149 


Lunkenhimer?. ‘PxPcger. a.krank. tH. ‘Ising. Hi9ekel ler; ecHsHe 
Dickhut. 1972. Intrapulmonaler Gaswechsel under simulierter 
apnoe durch transtrachealen, peridischen intrathorakalen 
Druckwechsel Anaesthesist. 22:232-237. 


Lunkenheimer, P.P., W. Rafflenbeul, H. Keller, I. Frank, H.H. 
Dickhut, C. Fuhrmann. O72 Application of transtracheal 
pressure oscillations as a modification of "diffusion 
respiration". Br.Jd.Anaesth. 44:627. 


Frank, I., W. Noack, P.P.Lunkenheimer, H. Ising, H. Keller, 
H.H. Dickhuth, W. Rafflenbeul, M. Jacobson. 1975. Light and 
electron microscopic investigation of pulmonary tissue after 
high-frequency positive-pressure ventilation (HFPPY ) 
Anaesthesist 24:171-76. 


Bohn, D.J., K. Miyasaka, B.E. Marchak, W.K. Thompson, A.B. 
Froese, A.C. Bryan. 1980. Ventilation by high frequency 
oscillation. J.App1].Physiol.:Respirat.Environ. Exercise 
Physiol. 48:710-16. 


Armengol, J.A., A. Wells, G.C.W. Man, E.G. King. 1981. 
Hemodynamic and blood gas effects of high frequency oscillatory 
ventilation. Crit.Care Med. 9:192. 


Butlers iWed.5 DsJ see Bohnyy A.C. 3Bryan, A.B. Froese. 1980. 
Ventilation by high frequency oscillation in humans. 
Anesth.Analg. 59:577-84. 


Thompson, W.K. B.E. Marchak, A.B. Froese, A.C. Bryan. 1982. 
High-frequency oscillation compared with standard ventilation 
in a pulmonary injury model. J.App].Physiol.:Respirat.Environ. 
Exercise Physiol. 52:543-48. 


ae S 
ry | i: 
uy: 

‘ so 
9 

i 
‘ 
1 
1 
os 


eee ne i, mph 
| “a opto tha By 


node funte- aie Tweee * 
nie sraorivengny oe hae 


ee 


! , xk . a 


He ot i in 


cp ae oho * 


we wil bin | 


vomit Man asian 


oa 


cont Fa a Rete) iH opm peiniane 14. + welt Aigo ly” el 
ung digh) athe ahendbinitl A yidedar ten Wien Aa” 7 
094 Nae Lipa aay Ve naksaytyzovel | iiiaorseain ‘now39 Fe ‘an 7 ; 
Crea). Weleet hiiad emiReaTy oveytnog protien 

| : ie een half as tetandteoenh 


a 


- ay 


ie 


ack inna? ct” ret 38 btesagit ne ecb amo 
nse iy oe cclaetitast = .0eet cones se et 
da tovand “abhor. toa VORP TS: 
| A ar : : sha ce cTahagm 


gal eta: + yl bow: satin wih Ais fbenaesA me 
var ht [howe  amlope av = do togtte 20g bodld bina tine pomaH 1 


De iiees «bat BID Fc rn 


ee a ore von sane Goa! tse r 


ae MP. ogtaertt sna eh ayy paata aw 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


150 


SIUtSKY, PAES.),00U.M erazensreR.He, tingramss,R.D. Kamm, .A.H. 
Shapiro, J.J. Fredberg, S.H. Loring, J. Lehr. 1980. Effective 
pulmonary ventilation with small-volume oscillations at high 
frequency. Science 209:609-11. 


Fredburg, J.J. 1980. Augmented diffusion in the airways can 
support pulmonary gas exchange. J.App].Physiol.: 
Respirat.Environ. Exercise Physiol. 49:232-38. 


Slutsky, A.S. 1981. Gas mixing by cardiogenic oscillations: a 
theoretical quantitiative analysis. J.App].Physiol.: 
Respirat.Environ. Exercise Physiol. 51:1287-93. 


Lehr, J. 1980. Circulating currents during high frequency 
ventilation. Fed.Proc. 39:576A. 


Froese, A.B., A.C. Bryan. 1981. High frequency ventilation. 
Am.Rev.Resp.Dis. 123:249-50. 


Goldstein, D., A.S. Slutsky, R.H. Ingram, P. Westerman, J. 
Venegas, J. Drazen. 1981. C0» elimination by high frequency 
ventilation (4-10 Hz) in normal subjects. Am.Rev.Respir.Dis. 
1237251-55. 


Butlersar wide, @Ds0. “Bohn, nik oMiyasaka; wiAsGal (Bryan;4.A.B. 
Froese. 1979. Ventilation of humans by high frequency 
oscillation. Anesthesiology 51:5368. 


Lehnest, B.E., G. Oberclorster, A.S. Slutsky. 1982. Constant 
flow ventilation of apneic dogs. J.Appl.Physiol.: 
Respirat.Environ. Exercise Physiol. 53:483-89. 


Marchak, B.E., W.K. Thompson, P. Duffty, T. Miyaki, M.H. Bryan, 
A.C. Bryan, A.B. Froese. 1981. Treatment of RDS by high- 
frequency oscillatory ventilation: A preliminary report. 
J.Pediatr. 99:287-92. 


avieoat ta \wpentei e vs 
| - cc arohzal Sa 


f ; 
7 ved ' os i 4 a 


a Oe ce 


: rani tet fhoee at 
foot. Foghek.: 


a = ane a 7 _ 
: : Rae 


ava fer ecco - _ 

¢ Pec @ oegnas ‘ a Oe ie i ; nee my “oie an 

cant ost mm ‘ent mine pine BOT < early! si 
Ts whine mie aid th sciobdat tenet 

| ‘a “ie i} bie d war " 

rater nai oe ae eek , snd a 4 ery “(S280 —_ 
An ee VN 0-288) 68 aibiaeiiaiweh 


Pe. Cae | | i > year Te 


cgeontaait oe ry i" lena. Bis on Setar fale 
wet ide PY vo tdbnnnets: Pin)  1aee 7 

Gy? Ny ‘, Meat tid - Aatdas Leroy ar {i Dio ‘aoe 

eu oie mt ‘aun chalet 5 ite ff eles 

vente rane: agtd vd: anal Be tekest 2 at 


ia 


Pi v a iv 


a 


snazonnd seer 
che lolwut, gare, b 


eT si et 
we a. on he ae 


omy 


168. 


169. 


170. 


V7 


l72. 


173. 


174. 


175. 


15] 


Frantz, I.D. III, A.R. Stark, J.M. Davis, P. Davis, T.J. 
Kitzmulher. 1982. High-frequency ventilation does not affect 
pulmonary surfactant, liquid or morphological features in 
normal cats. Am.Rev.Respir.Dis. 126:909-13. 


Jonzon, A. 1977. Phrenic and vagal nerve activities during 
spontaneous respiration and positive-pressure ventilation. 
Acta Anaesth.Scand.Supp]. 64:29-35. 


MangrG.CoW2ptsscr .PeeMany)C. 1. “Kappagodas) 71983 «,cEffects of 
high-frequency oscillatory ventilation on vagal and phrenic 
nerve activities. J.Appl.Physiol.:Respirat.Environ. Exercise 
Physiol. 54: in press. 


Thompson, W.K. B.E. Marchak, A.C. Bryan, A.B. Froese. 1981. 
Vagotomy reverses apnea induced by high-frequency oscillatory 
ventilation. J.App].Physiol.:Respirat.Environ. Exercise 
Physiol. 51:1484-87. 


Iscoe, S. 1982. Pulmonary stretch receptor discharge patterns 
in eupnea, hypercapnia and _ hypoxia. J.App].Physiol.: 
Respirat.Environ. Exercise Physiol. 53:346-54. 


Snedecor, G.W., W.G.. Cochran. 19677 Statistical Methods 
Sixth Edition, Ames, Iowa, The Iowa State University Press. 


Nevalaineu, 1.0., M.0.K. Hakumaki, S.J. Hyodynmaa, M.V.0O. 
Narhi, H.S.S. Sarajas. 1980. Distension of pulmonary vein- 
left atrial junction:heart rate responses in conscious and 
anaesthetized dogs. Acta Physiol.Scand. 110:47-52. 


Colebatch, J.G. S.C. Gandevia, D.J. McCloskey. USHMES 
Reduction in inspiratory activity in response to sternal 
vibration. Respir.Physiol. 29:327-38. 


pol auty Weis ayren: tes ‘Sie 
noha Hien. rustg-sntthi ge DNs suhgaen 
| a Taqyeo 


2, 


0 
i 


Re eet | ERR P gil i 4 
athante bre tegen Wo conhent ir ‘eupen? | _ 
ne | wand | ‘ona fe faghab astute sien” ' 

‘ me) ecieencean staat i z 7 
| | ha Or aa Ys | is oat 

a. | pions Ox ‘babel aya Sees, “al deni itt 
vet hese. by suphr toHteeh sy. ‘weauint roage “peevouey aodognt 

i | ib hiiks cae shear Sa bo neeeheny 
ae La - Be OBTE re ) e 


eid ira sionals, regina widen UENO if v4 | Seer ao ‘au 7 
“he panei fad ; Lah Popneyd ‘bien ainiqso “SQN | i donk oh a 
a ie ald ‘tober watgnend se 7 


yh Oi' is yi eu Vitae fant |  akahlan salar! ‘ lie oe “4% 
‘z, ‘ge. vin neh Rad 3 AT yew: aiagb yu bhia’ HOKE ° 


0.4 us intr gh TC 7 (i a ty at : at. a | wee, it | 

ies acral Tay. wy sano 4 “ote ee: ‘ateera 
hee aot bewey” fal oesipranal | scliopien ne big ibid 7 
| sa Theotp ) 28 sai 


} Liy mt 
: - a 


® 


f rhs a 


sheer: ; peo Nae, shall es drisibiail 
eaves. ee ata ig er a, | 


iy 


176. 


NAPE 


178. 


Tz 


Sellick, H., J.G. Widdicombe. 1970. Vagal deflation and 
inflation reflexes mediated by Jung irritant receptors. 
Quart.J.Exptl.Physiol. 55:153-63. 


Coleridge, H.M., J.C.G. Coleridge. 1977. Impulse activity in 
afferent vagal C fibers with endings in the intrapulmnary 
airways of dogs. Respir.Physiol. 29:143-50. 


Sepe, F.J. M.R. Magnusson, H.0. Stinnett. 1882. Modulation of 
rabbit carotid baroreflex during positive end-expiratory 
pressure. Am.J.Physiol. 242:H470-H476. 


estvisos Sieetie ‘ian § | 
nor SeHADAT 1 ra tbaties: Da: p 


ieee ‘tates sor be note tune 
(7s af! <: 28 seedy ee 


*¢ rinsateres: as ~abopegael. we porn Ae Ae 
ras str fD .nohs hitney its ght thw oe hae 


rt 


¥ ; . 7 ety 
. _ 


oy ae 
"4 Xf Gi De | 


S cee ae 


